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FOREWORD

In Public Iaw 88-609, the Congress of the United States authorized
an investigation and study of sites for construction of a sea-level
canal connecting the Atlantic and Pacific Oceans. A five-member Com-
mission appointed by the President must determine the feasibility, the
most suitable site, and the best means of constructing such a canal,
whether by conventional or nuclear excavation. The Commission has
selected a number of Departments within the United States Government
to conduct supporting studies, and they in turn have called upon other
government and private agencies for assistance.

Battelle Memorial Institute (BMI), as a prineipal AEC Contractor,
is responsible for the management of studies to determine the radio-
logical safety of using nuclear explosives to excavate the proposed
canal through southern Panama or northern Colombia. BMI has awarded
subcontracts for studies in ecology (including human, agricultural,
terrestrial, marine, and freshwater ecology), in physiochemical ocean-
ography and hydrology, and in dose estimation. The Health Physics
Division of the Oak Ridge National Iaboratory has the subcontract
(Purchase Contract No. S6230) to make estimates of dose to man and to
compare these estimates with appropriate radiological safety standards.
All information reported in this document was obtained under the
auspices of the AEC Nevada Operations Office for the Atlantic-Pacific

Interoceanic Canal Commission.
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DOSE-ESTIMATION STUDIES RELATED TO PROPOSED CONSTRUCTION

OF AN ATLANTTIC-PACTIFIC INTEROCEANIC CANAL.

WITH NUCLEAR EXPIOSTVES: PHASE I

K.E.Cowser, S.V.Kaye, P.S.Rohwer, W.S.Snyder, and E.G.Struxness

ABSTRACT

This report presents information obtained by ORNL in Phase I
of dose-estimation studies to evaluate the radiological~-safety
feasibility of excavating an Atlantic-Pacific interoceanic canal
with nuclear explosives. The information includes (1) methods for
estimating external and internal dose equivalents, for quentifying
the transfer of radionuclides through critical exposure pathways,
and for identifying the radionuclides likely to be critical; (2)
criteria for evaluating the radiological safety of the operation;
and (3) lists of radionuclides arranged according to the dose com-
mitment that results from exposure to a unit quantity of each
radionuclide,

Equations to estimate external and internal radiation dose
commitments were developed which account for production, venting,
and movement of radionuclides in environmental exposure pathways.
A compartment model for representing movement of radionuclides
in the tropical environment was designed with coupled compart-
ments having income and loss fluxes controlling the inventory of
radionuclides which may have inputs to man. The specific-activity
concept for estimating the allowable radionuclide concentrations
in the environment was evaluated in a way that reveals its limi=~
tations, considering the time-dependent relative importance of
radioactive half-1life, biological half-time, and biological growth.

Criteria for evaluating radiological safety were developed
from the recommendations of recognized authorities which might
reasonably apply in an operation of this magnitude, taking account
of the principle of balancing the possible benefits against the
potential risks.




1.0 INTRODUCTION

The Phase I dose-estimation studies to be performed under the ORNL

contract were delineated by BMI as follows:

Task 1. TIdentify the radionuclides that may contribute the largest
dose equivalentsa to man from both external and internal
sources,

Tagk 2. Propose methods for estimating the potential external and
internal doses.

Task 3. Identify, interpret, and describe the radiation protection

| guidelines applicable to the radiological-safety feasibility

study.

Task 1 is essentially a ranking of radionuclides based on their potential
contributions to external and internal doses for specified conditions of
exposure. Imperative to such a ranking is information on the production,
venting, and environmental pathways of radionuclides. In Task 2, a
general procedure is to be developed for assessing radionuclide movement
and retention in the environment, permitting estimates of potential rad-
iation exposure of indigenous populations. Specifications of data required
from the on-site studies of other subcontractors in Phase IT is a part of
this task, with particular attention given to application of the specific
activity concept as a method of evaluating the hazard to man from radio-
nuclides entering the food chain. Task 3 requires identification of

problems peculiar to the canal situation, and study of guidelines,

®Dose-Equivalent (rem) = Absorbed Dose (rad) x modifying factors.

For the sake of convenience, "dose" will be used hereafter instead of

"dose equivalent".



published by radiation protection authorities, that are likely to be

applied in the final evaluation of population exposures.

Phase II studies have already been planned by BMI, and they in-
clude the estimation of doses to individuals or groups in the Central
American populations, using methods developed in Phase I and basing

the estimates on on-site data collections and field experiments.



2.0 GENERALIZED MODELS FOR DOSE ESTiMATION
2.1 External Dose

In the case of external exposure from radionuclide i at location k,
an expression YifijPijk(t) is a measure of the level of contamination
(pCi/g or uCi/cm?, dependent upon the pathway of exposure j) present at
post-detonation time t. In this expression, Yi is the yield (pCi) of
radionuclide i, fij is the fraction of Yi entering or available to
pathway j, and Pijk(t) is the concentration (uCi/g per pCi released or
pCi/cm? per pCi released) of radionuclide i present in pathway j for
location k at time t per unit activity of radionuclide i initially
available to pathway J. The dose rate via pathway j at time t to an
individual of age v (years) at location k would be YifijPijk(t)Cij(y)
in units of rems/day. The dose rate term Cij(y) is the dose rate to the
reference tissue of an individual of age v exposed to a unit concentra-
tion of radionuclide 1 in the mode of exposure appropriate for pathway
J, and thus includes all necessary factors which account for the habits
and characteristics of the individual, including occupancy factors. The

modes of exposure considered are irradiation from a contaminated surface,

submersion in contaminated water, and submersion in contaminated air.
ext.
The total dose, Dijk[tl,tQ,y(tl)], due to radionuclide i in pathway j

at location k, accumulated from time tl to time t2 for an individual

of age y(tl) at the beginning of the exposure period is given by

ext. t2
Dijk[tl,tg,y(tl)] = Yifij J[‘ Pijk(t)cij[y(t)]dt (rem). (2.1)

51
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2.2 TInternal Dose

The level of contamination [YifijPijk(t)] at post-detonation time
t is as defined in Sect. (2.1), although the concentrations considered
here would be those in materials which may be ingested or inhaled. These
are the only modes of exposure considered here. The expression
Cij[y(t), tg-t] denotes the dose commitment in the t,-t days following
a one-day exposure of an individual then of age vy(t) in an environment
containing a unit concentration of radionuclide i in the mode appfopriate
for pathway Jj. This expression is considered to include all factors
which account for habits and characteristics of the individual, includ-

ing occupancy factors. The total dose accumulated to time t2 for an

exposure beginning at time tl is given then by

int. t
2
Dijk[tl’tQ’Y(tl)] = Yifijf Pijk(t)cij[y(t),te_t]dt (rem) (2.2)

)

The dose commitment Cij[Y(t)’tg't] is considered as a function of time
because the time interval tl to t2 may extend over years, and the dose
commitment may vary as & function of age. This is particularly important

for assessing exposure of fetuses and infants.
2.3 Total Dose

Equations (2.1) and (2.2) will be used to calculate doses for all

significant radionuclides and modes of exposure, and these doses will be



summed to obtain an estimate of the total dose incurred by an individual
in a specified environment during the time interval tl to t2. Total dose
estimates must include dose contributions from vented and non-vented

radionuclides since both are potential sources for external and internal

exposure. The models presented are applicable in all cases.
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3.0 EXTERNAL DOSE ESTIMATTIONS
3.1 Dose Models

The following subsections include the models used in calculating

external dose and the assumptions made in applying the models.

3.1.1 Submersion Exposure to Beta Radiations® ™

When water is the contaminated medium,

D, = 25.6 QF, (rem/day) ; (3.1)

and where air is the contaminated medium,

D, = 29.2 Q.E, (rem/day) ; (3.2)
i ii
where |
D, = dose rate due to ith radionuclide (rem/day),
Q; = concentration of ith radionuclide (uci/g), and
Ei = effective absorbed energy of a beta disintegration (Mev).

3.1.2 Submersion Exposure to Gamma Radiation3'l

When water is the contaminated medium,
D, = 51.2 Q.F_ (rem/day) ; (3.3)
and when air is the contaminated medium,

D, =29.2 QE (ren/day) ; (3.4)

where Di and Qi are ag defined above, and Em is the energy of gamma

radiation (Mev).



Submersion dose rates in contaminated water [Egs. (3.1) and (3.3)]
were calculated by assuming that the body is in the center of a sphere
and receives equal quantities of radiation from all directions. Other
assumptions included: (1) the radius of the contaminated water is large
in comparison to the range of beta particles and to the half thickness
of the water for gamme rays, (2) an effective absorbed energy that is
equal to the average energy of the beta particle, and (3) a short pene-
tfation distance for the beta particle in the body, thus limiting beta
radiation to body surface exposure, Similar assumptions are made with
alr as the contaminated medium [Egs. (3.2) and (3.4)]. A small correction
is made by considering the range of beta particles in air and the density
of air which is reflected in the constant term of Egs. (3.1) and (3.2).
Exposure to man in air is likely to result while standing on the ground
surface; the body is receiving gamma radiation from 2x steradians and the
dose rate calculated by Eq. (3.4) is about 1/2 of that calculated by Eg.
(3.3). The total submersion dose rate for a particular radiomuclide is
the sum of Egs. (3.1) and (3.3), or (3.2) and (3.4), if both beta and
gamma transitions occur during decay. A requisite for these calculations
is the concentration of the radionuclides per unit mass of the medium,
However, the time required for a contaminated cloud to pass any downwind
point may be short. Thus, it would be possible to calculate total dose

from submersion in contaminated air when the air concentrations are

expressed in Ci-sec/m3.

3+.1.3 Beta Radiation from a Contaminated Surface.3°2

D, (a) = 1.070 v Fom {é [ (1 + 1n%g) R } + et 7 VBl (rem/nr), (3.5)



¢ 1-3%1
(1 + mﬁ) -e = O when va >C, (3.6)
18.6 E
vV = (2 - - ) P) (3.7)
%
(5, - 0.036) 37 E
-1
2 2
a=[30-(0-1)e} ’ | (3.8)
r
3 EO < 0.17
2 0,17< E_ < 0.5
c= 3 © (3.9)
1.5 0.5 <E_ < 1.5
Ll 1.5 S-EO s
where
Di(a) = dose rate(rem/hr) due to ith radionuclide,
a = distance above ground surface (g/cm?),
v = absorption coefficient (cm?/g),
E = average beta-ray energy (Mev),
E, = maximm beta-ray energy (Mev),
E* = average beta-ray energy (Mev) for a forbidden spectrum,
E/E* = 1 for allowed spectra, and
N = level of ground contamination (uCi/cmg) .

Equations (3.5) through (3.9) relate to calculation of dose rates

in air from beta emitters associated with an infinite plane of negligible
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3.2 described the derivation of these ex-

thickness. Hine and Brownell
pressions. Briefly, an empirical expression was fitted to measurements

of dose from point sources of beta particles in air. The point source
kernel was then integrated over the plane surface giving Eg. (3.5).

The empirical expressions selected for computation of the energy-dependent
parameters v and C were those adopted for calculations in soft tissue.

Both ¢ and C are dimensionless parameters. Surface contamination in

units of uCi/cm2 are used in the calculations.

3.3

3.1.4 Gamma Radiation from a Contaminated Surface

Di(t) 827 N oEmBsEl( ox) (rem/hr), (3.10)

where

D,(t) = dose rate due to ith radionuclide (rem/hr),

x = distance above ground surface (cm),

N = level of ground contamination (pCi/cmE),

o= linear energy absorption coefficient (cm—l),

E = energy of gamma radiation (Mev),

BS = backscatter correction for body immersed in air, and ‘ .

1

Equation (3.10) is used to calculate dose rates in air from gamma

El(ox) = the E. function for the argument ox.

emitters associated with an infinite plane of negligible thickness. The

backscatter correction for a body immersed in air is assumed to be 1.1lh.
3.2 Approach for Preparing Radionuclide ILists

The models have been programmed for computer calculations of external
beta and gamma doses from submersion in contaminated air, submersion in
contaminated water, and external radiation at heights of 0.9 in., 2.5 ft.,

and 5 ft. above contaminated ground surfaces. In these analyses, dose 4
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rates were calculated at times of O, 13 weeks, 1 year, 30 years, and 50
years; accumulated doses were calculated at times of 13 weeks, 1 year,

30 years, 50 years, andkinfinity. The computer outbtput includés a listing
of radionuclides according to dose rate and total dose for each specified
condition of time and distance. Beta and gamma exposures were also
summed by radionuclides and listed for each mode of exposure.

A fotal of 176 radionuclides was selected for preliminary calcula-
tions of external dose. The selected fission products were assumed to
result from thermal fission of 235U and only those parent radionuclides
with a physical half-life greater than 10 minutes and yield greater. than
0.0l% were included. Appendix IT contains the published data on pertinent
nuclear propertles of each radionuclide considered in these dose calcu=-
lations. The references at the end of Appenaix IT were used in the order
listed in assembling these data. External dose rates and total doses were
calculated for concentrations of 1 uCi/g in air and water, and 1 uCi/cm?

of contaminated surface to permit adaptations to future dose estimates.
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" 4,0 INTERNAL DOSE ESTIMATIONS

Internal dose estimation for a population requires careful considera-
tion of situations affecting each of the population groups. Undoubtedly
the occﬁpational situation, involving only the working adult segment of
the population for which the "standard men" concept was developed, has
received most attention in the past and is the exposure situation which
is best understood. Internal dose models used in this report are based
on a modified version of the "gtandard man" concept given in ICRP Publi-
cation No. Q.h'l Where data are available and indicate significant dif-
ferences in the dose to be expected in various age groups, these data
are being used, and since many of the problem areas are under active re-
search currently, more such data may be available within the next few
years. However, it is recognized that although the present models used
to estimate dose to the populétion include much of the flexibility and
special consideration necessary to obtain valid dose estimates for all
population groups, there remain many unsolved problems which can only be

handled now by using conservative assumptions.

4,1 Dose Models

4,1.1 All Organs Except G.I. Tract
A modified form of the following general expression was used for

all organs other than the G.I. tract:

sm m(0.693)



1L

where
D,y = accumlated dose (rem) to the organ of interest for "standard
o man" (sm) from the ith radionuclide during the first t days
following intake,
51 = constant = (dis/day) (g/rad/Mev)uci,
ey = effective absorbed energy (Mev) of the ith radionuclide per
disintegration in the organ of interest,
fi = fraction of the ith radionuclide taken into the body that
arrives in the organ of interest,
Ii = intake (uCi) of the ith radionuclide corrected to the time
° of detonation,
m = mss (g) of the organ of interest,
T,y = effective half-time (days) of the ith radionuclide in the
organ of interest,
xei = effective elimination constant (days-l) of the ith radio-
nuclide in the organ of interest,
M. = radioactive decay constant (days-l) of the ith radionuclide,
r = post-excavation time (days) at start of exposure, and
t = post-intake time (days).
-A_ T
In this expression, the term Ii e Tt provides a means for calculating

o

the reduced dose commitments (due to radioactive decay, with no allowance
for environmental redistribution of radionuclides) which would result if
radionuclide intake occurred at various post-detonation times. Calculation
of dose to the lungs following inhalation of an insoluble radionuclide is

a speclal case of the expression. In this case, the present ICRP lung
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model suggests setting the value of fi at 0.125 and calculating ‘I‘ei
assuming a biological half-time in the lungs of 120 days (plutonium and
thorium, with biological half-times of 1 and 4 years, respectively, are
exceptions).u°l

In Egq. (4.1) the’parameters Ii ’ Tei’ fi’ and m are clearly ones
which can be expected to change significantly with age. The value of
ei may also vary ﬁith age, because the size of the organ changes with
age, and the effective radius of the organ is one of the factors con-
sidered in the evaluation of ei. In estiméting population doses, it is
likely that changes in,e:i will be of less significance than will changes
in the other age-dependent parameters., However, €, may vary by as much
as g factor of 2 in some cases. The variation of these parameters with
age 1s complicated by the influence of such factors as climate, diet,
and personal habits,

Information on the age-dependence of many of the parameters of
"standard man" is availsble; for example, mass of total body and of
body organs as a function of age, elemental composition of body organs,
daily intake and excretion of the elements, and variations in daily intake
of numerous dietary components with age.h'2 Figures 4.1 and 4.2 illustrate
the type of data available on body and organ mass as a function of age

4,3, 4.4

for the Caucasian. Figure 4.3 gives the daily water intake as a

function of age for a Caucasian population in a temperate climate.h'z
These data can be used to adjust dose calculations to account for changes
in organ mass (m) as a function of ége. Assuming that the age-dependent

intake of radionucl ides by ingestion and inhalation are directly propor-

tional to water and air intakes, respectively, dose calculations can be
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adjusted to include the effect of age upon radionuclide intake (Ii )e
' o

As stated above, the effective absorbed energy per disintegration (ei)
may change as the mass of the organ changes with age. This change in

ei can be calculated; the significance of the change depends upon the
organ and the radionuclide. To date, only the values of &y for "standard
man" given in ICRP Publication No. 2 have been used. Iack of information
prevents adjustment of the other age-dependent variables, Tei and fi’
with the exception of a very few radienuclides such as 1311 and 9OSr.

The "stendard man" concept was modified in Phase I to include the age-
dependence of radionuclide intake and organ mass, but € Tei’ and fi
were fixed at "standard man" values.

The age-dependent modification of Eq. (4.1) can be written as

DitY = hYDitsm (rem), (4.2)
where
Dity = accumlated dose (rem) to the organ of interest for an in-
dividual of age vy at time of intake from the ith radionuclide
during the first t days following intake,
hY = factor to modify the "standard man" dose for the effect of age
upon radionuclide intake and organ mass, and
D, 1s the same as defined in Eq. (4.1). The rem dose from the ith
sm ,

radionuclide to an individual of age vy at the time of intake is equal to
the rem dose from the ith radionuclide calculsted for standard man multi-

plied by a modification factor hy' The modification factor is

' S /sSm
h = ——x‘—'—'— ’ (LL’B)

y
NQ/Msm
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where
SY = dally intake (cms/day) of alr or water for an individual of
age vy,
o = deily intake (cm3/day) of air or water for "standard man",
M& = mass (g) of the organ of interest for an individual of age vy, and
oy = [BSS (g) of the organ of interest for "standard man".

The age-dependency factor <hy) is the same for all radionuclides because
daily radionuclide intake (the only radionuclide-dependent term in the
factor) was assumed to be proportional to daily water and air intskes,

The age-dependent parameters in the dose expression [Eq. (4.1)] were
fixed at the "adult" values.

Evaluation of hY requires use of the appropriate values of SY and M ,
depending upon the age of the individual at the time of radionuclide in-

take, and the post-intake period for which the dose is being calculated,

l".l.2 Ge I. Tract

A simple method for calculation of dose %o the G.I. tract was modi-

fied from the work of Dolphin gz_gi.h's The dose 1s given by

T
o p e (0.3) .
DiY = hY I'(MPc)i (rem/uci), (k)

where
0.3 = the dose rate (rem/week) delivered to some part of the G.T.
tract from a weekly intake at the MPC,
I’ = weekly intake (cm3/week) of water for ingestion calculations and

weekly intake of air for inhalation calculations, and
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(MPC)i = maximm permissible concentration (uCi/cms) of the ith
radionuclide in water or alr for continuous exposure;
water values used for ingestion calculations and air
values for inhalation calculations.
Diy is the dose in rem/uCi from the’ith radionuclide to some part of the
Ge TIo tract of an individual of age vy at the time of radiénuclide intake.,

The texrms h

v’ xri, and T are as defined previously.

k.2 Approach for Preparing Radionuclide Lists

4,2,1 Use of Models

The modified internal dose models were used in a series of calculations
for listing the radionuclides in order of relative hazard. The primary
purpose of this 1isting was to assist in selecting a worksble number of
radionuclides which will be given further and more detailed considerstion.
These radionuclides should represent a large part of the total internal
dose commitment to the populations being considered. For this listing, a
single intske of 1 pCi was assumed for "standard man". The radionuclide
intake of an individual less than 20 years of age will be less than 1 pCi,
as determined by the ratio of his dally water or air intake to that of a
20-year old. The dose commitment subsequent to intake was calculated over
time periods of one year to facilitate yearly adjustment of organ mass as
a function of age. The accumulated dose up to any time t in the post-
intake period is the summation of a series of yearly doses. Initlal
listing was done by organ from calculations of dose to each of the major
organs for every radionuclide considered. These calculations are of
interest because the total internal dose commitment to any organ is the sum

of the dose contributions to that organ from all of the radionuclides

involved.
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h,2.2 Selection of Radionuclides and Body Organs

The radionuclides considered were selected from unclassified litera-
ture on induced activities and fission products resulting from thermal

235U. Selection was Influenced by the gvailebility of de=-

fission of
tailed iﬁformation for the particular radionuclide in ICRP Publication
No. 2.

The body organs considered are as follows: total body, muscle, bone,
spleen, G.I. tract, liver, kidneys, testes, ovaries, thyroid, and lungs.
This list includes the major organs of primary concern at present, and it

encompasses those organs for which the greatest amount of detalled in-

formation appears in ICRP Publication No. 2.

4,2.3 Selection of Values for v, 7, and t

Current standards and recommendations of various radiation protection
authorities were consulted in the selection of intake ages (y) tobe con-
sidered, Intake ages chosen are 0.5, 3.5, 10.5, and 20.5 years. Change
in radiation dose as a function of age at time of intake is of special
interest. It seems likely that for many radionuclides the critical age
group will be the young of the population. Therefore, the consideration
of age=-dependent parameters is essential for the establishment of feasibil-
ity criteria.

Post-detonation intake times (T) were arbitrarily chosen to be 60
days, 1l year, and 5 years.

Post-intake time periods (t) for which accumuilated doses have been
compufed are 1 year, 30 years, and 7O years. The yearly dose was desired

because it is commonly used in radiation protection guides, The 30-year
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figure was chosen to determine the dose commitment to an individual
during the first 30 years of life as an estimate of the genetic dose
to the population. The value of 70 years was chosen to estimate the maxi-

mum dose commitment to an individual living in the canal area.
4.3 Refinement of Dose Calculations for Critical Radionuclides

The dose calculations used in the search for critical radionuclides
will be reviewed for possible further refiﬁement. Effort will be centered
on the age-dependent variables pointed out previously in Eq. (h.l). The
degree of refinement will be limited by the availability of input infor-
mation. Results of preliminary work with HTO and 1311 illustrate refine-

ments which can be made 1f the necessary information is available,

4.3.1 Tritiated Water (HTO)

Tritiated water (HTO) will receive much consideration in this feagi-
bility study. The dose to the body water pool from a unit intake of HTO
may be calculated using Eq. (4.1).

Setting: t =<,

T =0,
Ii = 1 pCi,

o]

m = W (g of total body water), and
£, =1,

the expression becomes

D, = 5leTe/O.693W (rem). (4.5)
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Because of the very short range of the tritium B-particle, it is clear
that changes in the size of the body water pool with age will not change €.
The age-dependent and age-independent parameters in Eq. (4.5) may be sepa-
rated as follows:

D = (51e/0.693) (Te/w) (rem).

independent dependent

The equilibrium relationship between pool size of body water, daily water
intake, and the rate constant for the turnover of body water can be

expressed by

W=1I/\ (4.6)
where

4

I

M

A uniform distribution in body water can be assumed because HTO taken

daily water intake (cm3/day), and

biological elimination constant for body water (days-l).

into the body equilibrates with the body water in less than one hour.
The rate constant Xb may be replaced by 0.693/Tb and the expression
rearranged to yield

Tb/w = 0.693/1° . (ka7)

Tb is the biological half-time of water in the body water pool. Tritium
has a radioactive half-life of 12.3 years, and water has a biological
half-time in man of approximately 12 days; therefore, Tb and Te are es-
sentially equal in this case., Replacing Tb with Te and substituting from

Eq. (4.7) into Eq. (4.5) gives

D, = 5le/1° (rem). (4.8)
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The infinite rem dose to the body water from an intake of 1 uCi of HTO
is related to only one age-dependent varisble in Eq. (4.8). The rem
dose as a function of age for a 1 uCi intake of HTO was calculated in
two ways, using Eq. (4.5) and Eq. (4.8), respectively. Equation (4.5)
redquires knowledge of both Te and W as a function of age. Such infor-
mation is available only for W, so T, was fixed at its "standard man" value,
Equation (4.8) requires only knowledge of daily water intake as a function
of age; that information is available for Caucasian populations, as shown
in Fig. 4.3. The results of the calculations are shown in Fig. 4.k,
Comparison of the two curves in Fig. 4.4 indicates that a considerable
over-estimation of dose is made at the younger ages when Te is assumed
to be counstant. It is apparent that Te mst vary considerably with age,
This example illustrates the value of information on other age-dependent
parameters as a supplement to the body and organ mass changes observed
with age,

The caléulation of dose for HTO can be refined further with one

additional change, Set

I, = I’c (uci/aay) ,
o
where
I° = daily water intake (cm3/day), and

Q
i

concentration of HTO in the water (uCi/cmB).

The final dose expression for a dally intake reduces to

D_ = 51Ce (rem). (4.9)
This expression can be used to determine the dose commitment from
ingestion of HIO as a function of intake concentration, avoiding the

age-dependent parameters. Equation (4.9) represents only the dose due to
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AGE AT INTAKE (YRS)

Fig. 4.4. Dose to the Body Water from 1 uCi of HTO as a Function of
Age at Time of Intake. The upper curve was calculated with a dose expres-
sion containing two age-dependent parameters, mass of the body water
(W = 60% of total body weight) and effective half-time of HTO in the body
water (Te). Iack of information necessitated setting Te at the "standard
mén" value. The dose expression for the lower curve contains only one

age-dependent parameter, daily water Intake (I').
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inteke for a period of one day. It is conservative{in that it assumes
all the water intake is contaminatea to the level C. If this is not the
case [€.g., If a certain factor (f) of the daily intake is from imported,
noncontaminated foods and beverages], then the factor (1 - £) could Dbe
introduced here, Direct evidence on the habits of these populations or
individuals would be needed to justify such a reduction. The dose com-
mitment is determined by summing a series of dose calculations for
individual intakes when C varies as a function of time.

This example is unigque to HTO in many respects but it illustrates two
important points. First, dose éalculation refinemeﬁts can identify the
minimm input data which are needed. Second, the application of "standard
man" parameters to younger segments of the population can lead to sizable
errors in the estimates of dose commitment,

k.3.2 Radioiodine (3%

1)

A considerable amount of information is availsble describing 1311
metabolism. Figures 4.5 and 4.6 present some of these data. Thyroid
uptake of iodine is the only parameter mresented which does not seem to
vary significantly with age. These data were used in Eg. (4.1) for cal-
culation of the infinite rem dose to the thyroid as a function of age at
time of 1311 inteke, Intake was set at 1 uCi. The results of these cal-
culations are given in Fig. 4.7. Mass bf the thyroid was the only age-
dependent varisble evaluated in the uppermost curve, all others were fixed
at their "standard man" values., Mass of the thyroid and effective half-
time of iodine in the thyroid were varied with age in generating the

middle curve, Mass of the thyroid, effective half-time of iodine in the

thyroid, and daily intake were varied with age in the bottom curve,
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Fig. L4.7. Dose to the Thyroid from 1 pCi of 1311 as a Function of Age at
Time of Intake. Three of the age-dependent parameters in the dose expression
[mass of the thyroid (m), effective half-time of 1310 in the thyroid (Te),
and daily iodine intake (I)] were evaluated as functions of age for the

curves as identified. All other parameters in the dose expression were

fixed at "standard man" values.
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leaving the energy term as the only age-dependent pérameter uncorrected.,
This inteke adjustment, based on daily iodine intake rather than daily
water or air inteke, sssumes the same pathway to man for all iodine,
Radionuclides released to the environment by nuclear excavation could
follow pathways to man different from those followed by their normal
dietary counterparts.4'6 The curves in Fig. 4.7 illustrate the importance
of evaluating each of the sge-dependent parameters. Unfortunately, the
data required for such adjustments are either scarce or non-existent for

most other radionuclides. Ideal calculations would use data specific for

the populations living in the canal area.

b4t Application of the "Standard Man" Concept to the

Indigenous Populations of the Canal Area

The models for estimation of internal dose presented in this report,
and the data upon which they are based, are referenced to the Caucasian
population from which "standard man" was drawn. This feasibility study
requires internal dose estimates for the indigenous populations of the
canal area, populations which differ considerably from a Caucasian popu-
lation., ILack of literature describing the populations in the canal area
makes it difficult to form even gross comparisons between their adult seg-
ments and "standard men"., Table 4.l contains data accumulated to assist
in this comparison. The blank areas in the table emphasize the need for
more information, This table would be of greater value if it could be

extended to include more body organs.
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Table 4.1. Comparative Data to be Used in Determining Standard Man
Parameters for Various Populations

Population
Parameter Caucasian&’b Indianc’d’e Ratio Cunaf’g Ratio Chocof Ratio Colombianh Ratio
(1) (2) (2)/(1) (3 A/ W W/ (5) (5)/(1)
Weights(g):
Total Body 70,000 46,000 0.66 5l+,ooo(1o)i 0.77
Stomach 250 170 0.68
Liver 1,700 1,130 0.66
Brain 1,500 1,2k0 0.83
Tungs(2) 1,000 810 0.81
Kidneys(2) 300 220 0.73
Heart 300 230 0.77
Spleen 150 140 0.93
Pancreas (o] 100 1.43
Testes(2) 4o 45 1.13
Thyroid 20 11 0.55
Prostate 20 36 1.80
Adrenals(2) 20 12 0.60
Heights(cm):
Male 176 161 0.91 154(70) 0.88 157(81) 0.89 164 0.23
Female 162 151 0.93 1hy 0.89  144(30) 0.89 157 0.97
Adult 169 156 0.92 149 0.88 150 0.89 160 0.95
Air Inhaled(cma):
8 hr. work day 107
16 hrs.not at work 107 1.37x107 1.37
Total 2 x lO7
Water Intake(cm3):
Food/day 1,000
Fluids/day 1,200
Total 2,200 4,500 2.04
aInternational Commission on Radiological Protection, Report of Committee IT on Permissible Dose for

Internal Radiation, ICRP Publ. 2, Pergamon Press, London (1359); Health Phys. 3 (June 1960).

bNational Center for Health, Statistics Ser. II, No. & (1965).

cK. Venkataraman, V.M. Raghunath, K.Santhanan, and S.Somasundaram, Physiological Norms in Indian Adults =~
Data on Total Body Weight and Weights of Twelve Body Organs, AEET/HP/Th-3T (1964).

d'V.M.}'{aghur'uath, K.Venkataraman, H.S.R.C.Murthy, and S.Somasundaram, Health Phys. 11, 287 (1965).

eK.Venkataraman, S.Somasundaram, and S.D.Soman, Health Phys. 9, 647 (1963).

flA.Hadlicka, Am. J. Phys. Anthropology 9, 1 (1926).

8c.Keeler, Letter to E.G. Struxness (1966).

hInterdepartmental Committee on Nutrition for National Defense, Colombia Survey, Wash., D.C. (Dec. 1961).

iNumbers in parentheses denote number of observations.

AR}
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5.0 SEARCH FOR CRITICAL RADIONUCLIDES

The purpose of preparing an ordered list of radionuclides is to
provide guidance on the identification of radionuclides that will re-
quire detailed study in the field because of their potential relative
hazard to humans. This search for critical radionuclides is divided
into the following four steps:a

(1) Radionuclide Dose Commitment List -- An ordered arrangement of

radionuclides according to a) external dose commitment from
1 uCi per g of water, per g of air, and per cm? of ground
surface; and b) internal dose commitment from a 1 uCi single
intake by inhalation and ingestion. A Radionuclide Dose
Commitment List does not consider production, venting, or
environmental exposure pathways.

(2) Radionuclide Dose Commitment Index -- An ordered arrangement

of radionuclides derived from a Radionuclide Dose Commitment
List by the incorporation of production and venting estimates.
An index does not include adjustments based on fallout pre-
dictions or environmental exposure pathways. The Relative

5-1

Significance Index used by BMI is a special treatment of a
Radionuclide Dose Commitment Index because it was normalized

to a chosen radionuclide.

aOnly the first step is taken in this document. Steps 2, 3, and L

will be reported in subsequent ORNL documents.

'R
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(3) Preliminary Radionuclide Rank -- An ordered arrangement

of radionuclides derived from a Radionuclide Dose Commit-
ment Index by the incorporation of information on initial
distribution in time and space. A Preliminary Radionuclide
Rank uses fallout predictions, but does not include adjust-
ments for environmental exposure pathways.

(4) Final Radiomuclide Rank -- An ordered arrangement of

radionuclides derived from a Preliminary Radionuclide
Rank by the incorporation bf best estimates of environmen-
tal exposure pathways.

The sections which follow in this chapter deal with Radionuclide Dose

Commitment Lists.
5.1 External Dose

Six Radionuclide Dose Commitment Lists, compufed for external
exposures, are included in Appendixes III through VIII. ETach listing
considered 1 pCi of the radionuclide per g of water or air, or per cm2
of ground sufface; and the listings were based on dose rates at time zero
(no radioactive decay of i pCi per g of water or air, or per cm? of ground.
surface) and total doses accumulated over 50 years (corrected for decay
of 1 uCi per g of water or air, or per cm? of ground surface) for sub-
mersion in contaminated water, for submersion in contaminated air, and
for external exposures at 2.5 feet above the contaminated ground surface.
The Radionuclide Dose Commitment Lists were arranged by the computer in

decreasing order for dose rate (rems/hr) and for total dose (rems) in each
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of the Appendixes. These computer outputs are in computer E format,
where, for example, EOl represents the factor 10 raised to the first
power., Thus, in Appendix III, the dose rate due to submersion in
water containing 1 pCi/g of 2ul\Ian is 9.39 rems/hr.

The computer outputs have been analyzed to select radionuclides
of potential short-term hazard (Table 5.1) and potential long-term
hazard (Table 5.2). Table 5.1 lists radionuclides which produce & total
dose greater than 10 rems in 13 weeks, or less, from submersion in water.
Table 5.2 lists radionuclides which contribute greater than l% of back-

5

ground radiation (1.2 x 10™° rems/hr after 1 year of radiocactive decay).
All radionuclides in the Relative Significance Index developed by the
Iawrence Radiation Laboratory for internal dose are included in Tables

5.1 56

5.1 and 5.2. A similar indexing developed by BMI includes Mn and

: .2
EOhme’ which are not found in either of these tabulations.5

5.2 Internal Dose

5.2.1 Radionuclide Dose Commitment List by Organ

Radionuclides were listed in descending order of dose commitment
for each of the body organs considered. The dose to the organ per pCi
of intake was the basis for 1listing. Many listings were generated
despite the very limited number of values selected for vy, T, and t, as
described in section 4.2.3. ICRP Publication No. 2 does not provide the
information required for the internal dose model [Eq. (h.l)] for cal-
culation of dose to every organ from each radionuclide. The dose calcu-
lated with total body as organ of reference was used whenever information

for a specific organ-radionuclide combination was not available.
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Preliminary analyses of the computer results indicated that variation
of intake age (Yy) did not alter greatly the radionuclide listing. The
change in dose as a function of age ranged up to an order of megnitude
in some cases, but variation among the individual radionuclides was insuf-
ficient to alter the listing greatly. The significance of age at time of
intake, as determined by the internal dose models of this report, is
influenced by the effective half-time of the respective radionuclides in
the various body organs. The increase in dose commitment to younger age
groups due to age-related differences in organ mass, is largest for
radionuclides of short effective half-time. A large part of the dose
commitment to children from a radionuclide of long effective half-time
is incurred long after intake, at a time when organ masses may have
reached their adult values. This influence of effective half-time in-
troduced slight rearrangements in the listings. The influence of age
upon the radionuclide listings might be different if all of the age-
dependent variables in the dose models could be evaluated. Evaluation
of one or more of the interrelated age-dependent varisbles without
evaluating them all may be questioned. Nevertheless, the approach pre-
sented here, in an attempt td utilize the data presently available, seems
reasonable.

Radionuclide listings were altered by increasing the length of
time (T) between device detonation and radionuclide intake, effecting a
decrease in the dose commitment from the radionuclides having a short
radioactive half-life. Radionuclides of short term importance may be

identified in this way.
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The listings were also affected‘by variation in the length of time
(t) over which the integrated dose was calculated. Radionuclides of
long effective half-time appeared higher on the list ﬁhen large values
of t were used.

The Radionuclide Dose Commitment Lists for individual organs are
found in Appendix IX. Only listings for adults (V = 20.5 years) are
included because of the minimal differences in listings found among
age groups. Listings are given for each of the body organs considered
with T and t set at O and 25550 days (70 years), respectively, to rep-

w resent the worst possible dose commitment for an adult. On the computer
output (Appendix IX) gemma (Yy) is the age of the individual at time of
radionuclide intake (years), tau (T) is the elapsed time between detona-
tion and radionuclide intake (days), and T is the post;intake time period

over which dose is integrated (days).b

5e242 Cbmposite Radionuclide Dose Commitment List

Composite listings were prepared by evaluating each radionuclide on

the basls of dose delivered to its critical organ. Guidance for choice

of critical organ was taken from ICRP Publication No. 2. Tables 5.3 and

5.4 are composite lists of radionuclides arranged in descending order of
dose to the critical organ per puCl ingested. Ingestion pathways should
be of greater long-term concern than inhalation pathways; therefore, the

potential ingestion pathway should be glven greater emphasis when

Ppost-intake time period is denoted by t in Eq. (4.1), but T is

used on the computer outputs because lower case letters are not used by the

on-line printer,
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determining which radionuclides are to receive further study in the
field. Two different cases of intake by ingestion were considered.

One case assumed intake occurred immediately following detonation (no
radioactive decay, Table 5.3), and the other case assumed intake occur-
red 60 days after detonation (after 60 days of radioactive decay, Table
5.4). An intake of 5000 uCi of each radionuclide results in a potential
dose commitment of greater than 10 rems for all but seven of the radio-
nuclides listed in Table 5.3. Radionuclides of only short-term concern
are apparent from Table 5.4, since they would contribute an insignificant
dose commitment if exposure started as soon as 60 days post-detonation.
The zeros in Table 5.4 represent values smaller than 1 x 10-78.

Four composite Radionuclide Dose Commitment Lists are given in
Appendix X (T = O and 60 days, and t = 1 and 70 years) to illustrate the
effects of variations in 7 and t upon the listings. Adjustment was made
for the relative radiosensitivity of the various organs in the composite
listings appearing in Appendix X. The following doses were assumed to
have equal biological significance: 0.5 rem to the gonads, red bone
marrow, or total body; 3.0 rems to the thyroid or bone, except 1.5 rems to
the thyroid of children; and 1.5 rems to other single organs. For the
purpose of listing, the radiosensitivity-adjusted doses were normalized

to the largest value.

(9
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6.0 ENVIRONMENTAL PATHWAYS

The principal objective of the on-site canal studies is to gather
environmental data that will be used to identify the pathways of radio-
nuclide transfer to man, in order to estimate the radiation doses from
radionuclides released by nuclear devices. The plan for pathway analysis
presented in this section is believed to be a necessary step toward
achieving these objectives. This preliminary scheme for environmental
pathway analysis is based partly on the use of systems analysis tech=-
niques. Considerable interest is expressed in applying the specific
activity concept to determine the concentration of particular radio-
nuclides that can be tolerated in the biological environment. Thus, the
‘effect of radicactive decay, biological elimination, and biological

growth on the application of this concept is evaluated.

6.1 Coupled Compartment System

A useful way of dealing with environmental pathways for analytical
purposes is the diagrammatic representation of the environment by a net-
work of coupled compartments. Each compartment represents an environmen-
tal unit (e.g., grasses and herbs, surface water, sea turtles, etc.).
Each has income and loss flux (via environmental pathways) which together
alter the inventory of material within the compartment. The types of
inventory of interest include stable element, radionuclide, and in some
cases bilomass. The aspect of biomass of most interest is the flux of

food to man, since food is the vehicle for transfer of radionuclides and

¥
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stable elements. Amounts of food must be considered, along with activity

per gram of food or per gram of element, to estimate nuclide intake in

the terms needed for internal-dose models.

6.1.1 Income and Loss Model
Net flux to a compartment is the difference, income minus loss.

This simple principle is illustrated below.

n n
%M X 5 X,
j=0 i=0 919
INCOME ———39—> | COMPARTMENT j | —3J2—> 10sS
de . n n
T o5 X =3 X - X

i=0 Yt 40 I

The compartment of reference 1s designated the jth compartment which

hes income and loss pathways designated 1j and ji, respectively. The

ith compartment is designated as any compartment other than the jth

compartment. TFor bookkeeping purposés, income always enters on the
left side and loss always leaves from the right side. Income entering
the compartment along pathway 1J is represented by xini, where Xij is
an environmental transfer coefficient having units of reciprocal days
and Xi represents the stable element concentration, radionuclide con-
centration, or biomass in source compartment i (e.g., per unit of
ground area). When there is more than one source compartment having
pathways leading to compartment j, the total income is the sum of the

Xini products. Likewise, the total loss for all ji pathways is the
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sum of the xjin products. The difference of these two rate functions
is the derivative de/dt which has the units of Xi and Xj on a per-day
basis (e.g., pCi m-2 day_l for a radioactivity measurement). The complete

generalized equation for this model is shown below the compartment box.
6.1.2 Environmental Transfer Coefficient

The environmental transfer coefficient, A, is the important rate
parameter which quantifies the movement of materials into and out of the
various environmental compartments. Both biological and physical rate
processes are included in the environmental transfer coefficient. Exam-
ples of biological rate processes include growth,'metabolic elimination,
and feeding, while examples of physical rate processes include meterologi-
cal phenomena, transport of sediments by streams, and radioactive decay.
When A appears in the loss term of a system equation, it has the equality
A = In 2/T =0.693/T, where T is the environmental half-time. For an in-
come term, T is the environmental doubling-time. Determination of M

for loss requires an estimate of X, at t,, such that Xi(tl)/Xi(tg) = 2,

Y
It follows that t2 - tl = At = T, and that A must equal O.693/T. Actually,
a series of measurements are taken over an appropriate time period and
plots of these measurements are made on semilog paper to estimate a
half-time or doubling-time from a straight line drawn through the points.
Special consideration may have to be given to data that cannot be fitted
with expoﬁential equations,

Some environmental transfer coefficients will have to be determined

by food-habits studies to estimate radionuclide transfer from forage to
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forest animals and cattle, transfer from plankton to plankton-feeding

fish, transfer from plankton-feeding fish to carnivorous fish, etc.

6.1.3 Coupled Compartment Diagram of the Tropical Environment

A preliminary general diagram of a compartmental model of coupled
pathways is shown in Fig. 6.1. A general purpose of the entire field
program is to define the compartments, pathways, and transfer coeffici-
ents involved in the food chains leading to indigenous man. The model
diagrammed in Fig. 6.1 is based only on preliminary information, and it
is presented here only to illustrate the method of tracing radioactivity
through the food web from point of entry to man. As pertinent data
become available the model can be modified to provide a more detailed,
more realistic representation of the important compartments and critical
food -chain pathways. Proper implementation of this model may help to
start bridging the large gap in knowledge between radiocactivity entering
the environment and that small fraction of the total which could contrib-
ute to the internal radiation dose received by man.

The left side of each compartment is the income side, and the right
side is the loss side. Compartments that have direct food-chain inputs
to man have an arrow leaving the bottom side of the compartment box.

A nuclear detonation results in a radioactive cloud, fallback
material, and ejected material which is too heavy to be carried away by
the cloud and is blown too far laterally to fall back into the excava-
tion. Figure 6.1 shows only the transfer of radionuclides from fallout
and fallback which comprise two source compartments for the model. This
does not imply that the ejecta compartment is a sink, because it is not.

Losses from the ejecta compartment have simply not been considered at

Tty
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this time. The 1oss arrow from the fallout compartment can be followed
to see where it becomes income for the primary interceptor compartments.
Visualize the fallout descending on the environment and falling on
forests, agricultural crops, grasses and herbs, bare soil, surface water,
aguatic plants, and sea water. There may even be inhalation by livestock
and man. The other source compartment, fallback, has inputs to sub-
surface soll, ground water, and surface water. The income to any primary
receptor compartment from the two source compartments is proportioned
out as loss from the primary receptor compartménts to arrive as income
to other compartments in the coupled system.

Forests have been arbitrarily divided into a highland ecosystem
(~300 m elevation, or ecologically similar to the El Verde forest in
Puerto Rico) and a lowland ecosystem (< 300 m elevation). The highland
forest may be subject to runoff and possible erosion and the lowland
ecosystem may accumulate water or sediments from the uplands. Recent
research by Kline and Odum has shown that epiphytes on foliage were
apparent accumulaﬁors of fallout radionuclides in tropical forests;
(13)4-0

and that when radionuclide tracers s, 85Sr, and 5uMh) were sprayed

on the forest floor at El Verde, there was negligible uptake by roots. *
Canopy and understory leaves in lower montane tropical forests might get
many of their nutrients by aerial interception, including interception
by epiphytic organisms, but chemical bﬁdget studies to determine this

6’2’ 6.3 The fraction of the fallout

have been started only recently.
initially washed from the leaves to the forest floor in Fig. 6.1 was

cycled between the forest floor microorganisms and the litter, because

studies in the El Verde forest have shown that radionuclides reaching
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the forest floor may not be available as income to the underlying soil
and ground water.6'2 However, a small fraction of some radionuclides
may be taken up by the roots which form a thick mat in the litter
layer.6'lL Witkamp has shown that there is & high year-round activity

6.5

of microorganisms in the forest floor litter at El Verde. This ob-
servation may account for the apparent retention of some radionuclides
within the forest floor ecosystem of the lower montane forest.

Provisionally, assume that the forest canopy and the forest floor
litter function as ecosystem sinks, as shown by the model, and that
there is no loss to compartments outside the highland forest ecosystem
(e.g., by erosion of litter and soil to the‘lowlands). Thus, in this
hypothetical situation, the fraction of the total fallout that falls
in the highland ecosystem would be isolated from any direct inputs to
man (unless man foraged there for food). If this ecosystem were to
become & sink, it would be of significant importance because it would
apply to the area of the continental divide in Panama where the elevation
is about 300 m. Whether or not these broad generalizations and extrapo-
lations between E1l Verde and Panama can be made remains to be determined
from field observations. The first major question about the pathways
diagram is whether there may be significant movement of radicactivity
from the upland forests (in organic or inorganic form) to the lowland
floodplains where the location of agriculture may be critical. Is it
misleading to assume no such transfer, as the diagram implies?

Another feature of the diagram i1s the indication of the potential
importance of both ground water and surface water as pathways for radio-
isotope transfers eventually leading to man. All major ecosystem com-

partments, except perhaps the highland forest ecosystem, have incomes
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fpom.surface water or ground water. The second major question, therefore,
is whether ground water can be expected to carry significant quantities
of radionuclides other than tritium, in view of the potential sorption of
other elements in tropical soils.

The diagram has not been expanded at this time, in order to keep
the ?reliminary model as simple as possible for illustrative reasons, and
because actual field data were not available to do otherwise. Possibly
some compartments should be subdivided into numerous subcompartments to

provide a more realistic approximation of the environment. For example,

it may be necessary to add one or more soil compartments for the crop,

pasture, and forest areas, since minerals in these compartments may pro-
vide more-or-less immobilized "sinks" for many nuclides. Alternately,
the root compartments (i.e., 15 and 17) may have to be pooled with soil
until there is more specific information on roots and soils. In Oak
Ridge forest-tagging studies, and in many fallout studies, a major
question has been: How soon will critical elements be taken out of the
local biogeochemical cycles and transferred into compartments with very
slow turnover? This is a third major question to be answered for each
of the broad ecosystems in Panama or Colombia.

In many cases 1t may be necessary to deal with a single large com-
partment measured by an average value rather than to measure the individ-
ual small compartments that make up the large compartment. For instance,
it would be easier to estimate the average Xi for total plankton than it
would be to estimate Xi for all individual species of plankton.

The model will be useful in a hazards analysis primarily as a
guide to estimating the radionuclide burden and flux in each compartment

that has loss to man via food (or water) consumed by man. The rates of
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loss from the compartment of reference will be specified after each
compartment is assigned a number to simplify the bookkeeping of incomes
and losses. A list of 40 compartments of interest found in the prelimi-
nary diagram of environmental pathways is shown in Table 6.1. The com-
partment number in the left-hand column will be used to subscript the
equations which describe the diagrammatic model. The source compart-
ments are labeled O and O!' and they supply income directly or indirectly
to compartments 1-38. The presence of an X in the right-hand column
indicates that the reference compartment has a direct input to man.

Twenty compartments (including fallout) have direct inputs to man.

6.1.4 Pathway Transfer Equations

All of the differential equations for this model have been written
and a few are listed below to 1llustrate some typical forms.
Crop foliage

X3 = (hg g¥g + Myq 3Xg) = (hg gg + 23 10)%s

Crop fruit

X6 = (A3 16%5 + Mg 16%1)

Surface water

Xg = (hg,6%0 + Mor ¥gr + Mg ¥+ oy gKpq) = (hg o+ 2g 4p
+ A
0,22 + Mg p3 * Mg o+ Mg o5t Mg g+ NG on + hg g + Ag og

+ )\.6,5 + >\'6,ll- + )\,6’10 + >\'6,l7 + )\,6’9)X6 »

Freshwater plankton-feeding fish

%23 = (6,055 + Moo 05%e0) = Pog on * Mo3, 05 + Mo3,090%p3
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6.1. Listing of Compartments for Preliminary

Environmental Pathways Diagram

Compartment Compartment Direct Input
No. Identification to Man
0 Fallout X
o' Fallback

1 Highland Forest Foliage

2 Iowland Forest Foliage

3 Agricultural Crop Foliage X
b Grasses and Herbs

5 Bare Soil Surface

6 Surface Water X
7 Sea Water

8 Highland Forest Epiphytes

9 Herbivorous Forest Animals X
10 Grazing Livestock X
11 Fresh-Water Algae, Aquatic Plants

12 Highland Forest Floor Litter

13 Highland Forest Floor Microorganisms

1k Lowland Forest Fruit X
15 Iowland Forest Roots

16 Crop Fruit X
17 Crop Roots X
18 Livestock Milk X
19 Livestock Meat X
20 Subsurface Soil
21 Ground Water
22 Fresh-Water Plankton
23 Fresh-Water Plankton-Feeding Fish X
2L Fresh-Water Carnivorous Fish X
25 Fresh-Water Detritus, Bottom Sediments
26 Fresh-Water Bottom-Feeding Fish X
27 Fresh-Water Mollusks X
28 Fresh-Water Crustaceans X
29 Fresh-Water Turtles X
30 Salt-Water Algae, Plants
31 Salt-Water Plankton

32 Salt-Water Plankton-Feeding Fish X
33 Salt-Water Carnivorous Fish : X
3L Salt-Water Detritus, Bottom Sediments

35 Salt-Water Bottom-Feeding Fish X
36 Salt-Water Mollusks X
37 Salt-Water Crustaceans X
38 Salt-Water Turtles X
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Sea turtles

%38 = (hq,38%7 * M33,38%33 * 230, 38%50 * M35,38%5 * 30,38%30

+ )\, X - )\, X .

37,38 37) ( 38,3k 38)
In the first differential equation the subscript 3 refers to the compart-
ment known as agricultural crop foliage. The net flux (pCi m_2 day“l)

in compartment 3 is designated k Income to compartment 3 comes from

3°
fallout (compartment 0) and crop roots (compartment 17), while losses

are to crop fruit (compartment 16) and crop roots (compartment 17).
Losses to the soil surface or herbivorous animals are not shown here, but
may need to be added to remove the unrealistic simplifying assumption
that man consumes all of the crops that he grows. The equation for

crop fruit is an interesting example, because it shows crop fruit to

be a sink which has no losses to other compartments (loss to man is not
considered here). Thus, the fourth major question, or complex of
questions, concerns the typical and extreme amounts of production of
crops per unit area, activity per unit weight (fresh and dry), and the
amounts or fractions of this total which actually enter the digestive
tract after wasted and discarded production are taken into account.

Some of these nunbers are available now (or can be assumed with reason-
able accuracy), and others will be provided by field investigations now
in progress.

In summary, it is not the preliminary diagram that is the blue-
print for studying the pathways problem; rather a systems analysis
approach based on an income-and-loss model is recommended. This approach
can be used because it is possible to determine environmental transfer

6.4, 6.6

coefficients.

[t
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6.2 Specific Activity Concept

Reference is frequently made to the specific activity concept as
a method for evaluating the hazard to man from radionuclides in the en-
vironment. Some assumptions for applying various specific activity models
are: (1) stable and radioactive atoms of the eiement are completely mixed
and behave similarly, (2) biological half-time is known, (3)'organisms
are in equilibrium with their environment, (4) concentrations of the stable
element are known, (5) rates of growth of the organisms are known, and
(6) rates of input of radioactive atoms are constant. An important limi-
tation of any specific activity model is that it relates only to a single
radionuclide and does not give guidance on the cumulative radiation dose
to all organs of the body. However, a reasonable level below which a
radionuclide may be disregarded may become apparent from the ranking of
radionuclides.

Probably the most serious threat to validity of the use of specific
activities lies in ignoring important parameters and requirements in
gsimplification of the concept. The following discussion will show
graphically the relative importance of the parameters (i.e., physical
half-life, biological half-time, bioclogical growth, and time) in a specific
activity model when certain constants are specified. This treatment 1is
intended to elucidate under what conditions certain data must be obtained,
and under what conditions certain data might not be necessary for specific

activity calculations.
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6.2.1 Simple Two-Compartment Model
Consider a two-compartment model with the following notation:
X; = concentration of radioisotope (atoms/g) or number of atoms
in compartment i (i = 1, 2),

Y = concentration of stable element (atoms/g) or number of atoms

of element in compartment i, and

wn
!

= Xi/(Xi + Yi) = specific activity (dimensionless) in compart-
ment i.
For convenience, let compartment 1 represent sea water and compartment 2
represent a critical organ of man. If there is no isotopic discrimination
or radioactive decay, then the specific activity anywhere along a food
chain is constant, and the specific activities at opposite ends of a food
chain are equal. Furthermore, if instantaneous equilibrium is assumed for
the stable and radioactive atoms of the same element between the two

compartments, then

X X

1 o
A R S A or 8, = 5, (6.1)

The assumption of instantaneous equilibrium means that losses by physical

decay and biological elimination are balanced by growth and intake.

6.2.2 Generalized Model
Since the conditions outlined under the simple two-compartment
model are unlikely in many cases, the simple model should be expanded

so that 07

X X5 e [_ 1 (6.2)

X. + Y. X +Y My ¥ xg -(xr Ay F xg)t
-e

1

»
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where

radioactive decay constant (days-l),

>
il

‘biological elimination constant for critical organ of man

o

-1
(days ),

1

A growth constant for critical organ of man (days-l), and.

g
t = time (days).

The constants xr and xb represent the fractional loss of X, by physical

2

decay, and the fractional loss of X, + Yé by biological elimination,

2

respectively. Further definition of the rate constants gives xr=1n2/Tr,
and A = In 2/Tb. T and T, are the physical half-life (days) and
biological half-time (days), respectively.. If growth rate is assumed

to be exponential, then the mass W(g) of the critical organ may be rep-
At
resented by dw/dt = xgw, which gives W(t) = W e €  yhen W = W at t = 0.
At
Doubling can be represented by W = QWO = Woe & . et t = Tg, the

doubling time (days). This gives xg = In 2/Tg for the doubling-time

- constant for growth of the critical organ in man. Thus,

.6
W) = Woe(o 93/Tg>t.

In most environmental situations there is negligible mass of the
radioisotope. Making this assumption for Eg. (6.2), and setting Xl and

X2 in the denominator equal to zero, yields

- X v hr + kb + xg 1 . (6.3)
-(xr + xb + xg)t

)
1Y 1 Y
2 >Vb g 1-e

For use of specific activities in environmental hazard analysis, X2 can

be redefined as the concentration of the radioisotope in the critical

organ that will deliver the maximum permissible dose (i.e., maximim
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permissible burden of the radionuclide in critical organ divided by mass
of the critical organ). As a result, Sl becomes the concentration of
the radicisotope in sea water which, if maintained at a constant level,

will induce a concentration in the critical organ which delivers the

maximim permissible dose to man.

6.2.3 Sensitivity Analysis of Parameters
Consider the first bracketed quantity in Eq. (6.3). For analytical

purposes let

T, T
Myt hy T_ I, T
T = T > = 7 , (6.4)
g g b

and assume the second bracketed quantity in Eq. (6.3) equals one because

t is large. A given radionuclide has the same xr in any biological system.
On the other hand, xb is a constant for a given radioisotope (or stable
element) in a specified biological system or organ. Further assume,

xg = O because there is no growth, then F = F' (a special case of F) =

(Xr + xb)/xb =1+ Tb/Tr° Provided the ratio Tb/Tr is constant, F' is
independent of the absolute values of Tb and Tr and can be evaluated easily
as shown in Fig. 6.2. The selected range of Tb/Tr goes from 0.1 to 10,
while F' has a corresponding range of from 1.1 to 1ll. This range of F!

is the range of conservativeness that would correspond to use of the

simple model (Sl = Sg) as compared to 8, = 8 F'. Conservativeness, as

2

used here, refers to the difference between the value of Xl calculated

from the simplest model (Sl = SE)’ and the value of X, calculated

from some other model.

L}
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ORNL DWG 66-10627

F=M9_

*b + Ag

LET Ag=0, THEN

1 | | 1 1

5 6 7 8 9 10

T
b/Tr

Fig. 6.2. Plot of F' as a Function of Tb/Tr.
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In the case of a growing organism, the rate of growth must be
considered. This case of F is given by Eq. (6.4). The result of plotting
F as a function of Tg for three different ratios of Tb/Tr(O.l, 1, and 10)
is shown in Fig. 6.3. The shape of each curve depends upon the value of
Tb chosen to calculate F. Variation of a particular value of F does not
exceed 10% for a wide range of Tb(l to 10,000 days) where Tb/Tr is held
constant. Figure 6.3 shows that, in all cases, neglect of using F in the
calculation of maximum permissible concentration would result in conserva-

tive estimates. These estimates become more conservative as Tb/Tr and

Tg increase.

If the exponential term in Eq. (6.3) is set equal to E and Tb/Tr
and Tg are specified, then the relation (F X E) vs. t can be plotted

where

1
e-(xr + My xg)t

1 -

Figure 6.4 is a graph for the conditions Tb/Tr = 0.1 and
Tb = 100 days. This graph shows the range of conservativeness that would
correspond to use of the simple model (Sl = 52) when the doubling-time is
long and t < 100 days. The next figure (Fig. 6.5) for Tb/Tr = 1 yields
plots that are essentially the same as in the previous graph which
specified that Tb/Tr = 0.1l. The significant difference comes in the next
figure (Fig. 6.6) which applies to a ratio of Tb/Tr = 10. This ratio
would be relevant approximately to l85W, 18lw, u5Ca, 89Sr, and 91Y in bone
of man. The conservativeness factors (F X E) for the simple model
(sl = sg) when t > 100 days are: 2 for Tg = 10, 6 for Tg = 100, and 10

for Tg > 1000. Another way of stating the results of this graph is to
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ORNL DWG 66-10628
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Fig. 6.6. Plot of (F X E) as a Function of Time for Tb/Tr = 10,

Tb =

100 Days, and Tg Ranging from 10 to 10,000 Days.
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say that the generalized model (sl =8, X F X E) allows up to ten times
more radiocactivity to be released into the environment than the simple
model allows. This order of magnitude conservativeness might actually be
very conservative itself, if the food-chain steps between sea water and
the critical organ of man are considered. The following hypothetical
food chain may be used as an example:

= S(plankton)

S(sea water)
S =95 .

(plankton) (herring)

; >==#> S(sea water) — S(critical organ

S(herring) = (tuna) of man)

S(tuna) - S(critical or-
gan of man)

Up to this point it has been assumed that the food-chain steps could be
neglected and specific activity in sea water could be related to specific
activity in the critical organ of man. Since every food-chain step on the
left side of the bracket will have an (F X E) = 1l or > 1, the product

of all the (F X E) values should be computed. The result is likely to
be greater than a value computed by directly relating the specific activ-
ity of sea water to the specific activity in the critical organ of man.
The Working Group of the Committee on Oceanography of the National
Academy of Sciences - National Research Council has stated that "The use
of only one such factor is conservative by the product of those neglec-
ted."6'7 In most cases, the simple model will furnish a very conservative
estimate of the concentration of radiocactivity that can be allowed in
the environment; however, realistic values require the use of the more

generalized model. Use of the generalized model requires biological

information which may be hard to get, so the simple model may have to
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be used out of necessity. Certainly, there should not be a significant
hazard from a particular radionuclide if the predicted concentration of
this radionuclide in sea water is much lower than the maximum concentra-
tion permitted for sea water as calculated by the simple model (S1 = Se).
It may even be possible to exceed the maximum concentration permitted
for sea water, if the condition is only a transient condition, as con-
trasted to continuous input specified in the models used thus far. For
a single release resulting in concentrations above MPC values, the mini-
mum rate of loss from the environment will equal the radiocactive decay
rate, so that when all loss processes are operative, the maximum permis-
sible dose over a given period may not be exceeded for some situations.
Since complete mixing of released radionuclides and their sgtable
analogues may take years in some cases, the utility of the specific
activity concept may be seriously impaired during the time when it
would be needed most. This situation may be true especially for certain

terrestrial habitats where mixing may be slowest.

v
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7.0 RADIATION SAFETY CRITERIA

One of the principal objectives of the Bioenvironmental and
Radiological Safety Feasibility Study is to compare the estimated
external and internal dose rates and total doses to individuals and/or
pepulation groups in the affected areas with existing guidelines

7.1

established by recognized authorities. The hazard of significant
exposure situations must be assessed in the context of these guide-
lines. The reports of recognized authorities considered in this study
include those by the International Commission on Radiological Protec-
tion (ICRP), the International Atomic Energy Agency (IAFA), the National

Council on Radiation Protection and Measurements (NCRP), the Federal

Radiation Council (FRC), and the British Medical Research Council (MRC).

7.1 Dealing with Radiation Protection Problems in Terms of Risk

Criteria providing guidance for radiation safety are considered
in the context of three different situations: (1) where there is ef-
fective control of the radiation source (e.g., reactors and reactor
fuel processing plants); (2) where the release of radiation or radio-
active contamination to the environment is inevitable even though the
source is under reasonable control (e.g., use of nuclear explosives
for peaceful purposes); and (3) where the source is not under control
(e.g., reactor accidents). In all three situations, the decision to

take certain action involves a balancing of alternatives.
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In the first two cases, there is a balancing of the benefits ob-
tained by carrying out the operation against the risks entailed by the
radiation exposure, as well as other, more conventional risks. Radiation
risk is not essentially different from other typés of risk (e.g., the
hazards of occupational disease, electric shock, explosions, falls, and
fires). Radiation risks, however, often require a different emphasis
because (1) man's senses do not warn him of his exposure and people are
not generally aware of the nature of the hazard as is the case with ex-
plosions and fires, and (2) in some situations, particularly in the con-
struction of a sea-level canal with nuclear explosives, the persons
exposed will include not only those working on the project — and hence
subject to supervision and monitoring -— but also many persons not
directly involved with the project. While both (1) and (2) apply, to
some extent, to the more conventional hazards of industry, thelr impact
in the case of radiation exposure is vastly greater. For this reason,
the Planning of operations involving radiation exposure is generally
more detailed and the criteria limiting the exposure are needed and used
as a basis for such planning.

In the case of emergency exposure, one is confronted with an exist-
ing situation, and the source of radiation is not effectively under con-
trol. The concept of the balancing of benefits and risks is still
operative, but the question is one of balancing alternatives. The ex-
posure is in progress and can be terminated or mitigated only by remedial

actions which, in themselves, may involve considerable risks.

The risks entailed by radiation exposure at high levels of dose

are well known and do not require documentation. Mach less is known
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about exposure at lower levels and there is almost no direct evidence

of damage at, say, the levels of permissible occupational exposure. These
levels have been arrived at, over the last forty years, through a general

lowering of exposure criteria due (l) to experience in the nuclear indus-

try which showed that lower levels could be met at a reasonable cost, and

(2) to accumilating evidence which tended to indicate the presence of ef-

fects at the higher levels. For example, an increased incidence of bone

cancer in persons with a residual bone burden of 1 pug or more of 226Ra

Te2

can be considered as practically demonstrated. The evidence also

supports a decrease in life span, an increased incidence of leukemia

.3

among radiologists during the last 4O years,
7."!‘

and some risk of lung
tumors among uranium miners. The exposure levels in these cases
range an order of magnitude or more above the present occupational levels,
but usually not as much as two orders of magnitude above these levels.
In all cases, the incidence of effects is statistical in nature so that
not all those exposed at a given level show the effect. Thus, one must
deal with radiation exposure problems in terms of risk.

As Indicated above, there is little direct evidence on which to
base an estimate of risk at exposure levels equal to or below the per-
missible occupational exposure limits. If a threshold for incidence of
a particular effect existed, and if an operation could be carried out
below this threshold level, then the risk of that particular effect
would be zero. However, no such threshold limits of dose have been
demonstrated for the more important effects of concern (e.g., malignancies,
life shortening, and genetic effects). On a priori grounds, it would be

extremely difficult to demonstrate the existence of a threshold by direct

2
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observation for, even though no effects are observed in an exposed

group of a certain size; this may only indicate that the incidence is
low., Faced with this difficulty, the ICRP, IAEA, NCRP, FRC, and MRC

have all assumed the "linear hypothesis" (i.e., that risk is, to a first
approximation, proporticnal to dose). This assumption is believed to be,
if not accurate, on the conservative side in that most dose-effect curves
are linear or concave upward so far as they have been determiﬁed at rela-
tively low doses.

The "linear hypothesis" and "no threshold" assumptions also imply
that there is some risk, however small, involved in any exposure to lon-
izing radiation. Thus, all the above mentioned authorities declare the
policy that no unnecessary exposure is Jjustified or, equivalently, that
all operations should be carried out so as to minimize exposures as far
as practicable., Therefore, any operator has the obligation to minimize
exposures below permissible occupational and/or population levels when
this can be done without significantly impeding the operation.

Exposures above these permissible levels require more scrutiny and
evaluation to insure that the benefits accruing from the operation jus-
tify the additional exposures. The FRC'*? has stated, "Federal agencies
should apply these Radiation Protection Guides with Jjudgment and dis-
cretion, to assure that reasonable probability is échieved in the attain-

ment of the desired goal of protecting man from the undesirable effects

of radiation. The Guides may be exceeded only after the Federal agency

having Jurisdiction over the matter has carefully considered the reason
for doing so in light of the recommendations in this staff report." In

testimony before a special committee of the Joint Congressional Committee




8l

7.6

on Atomic Energy, the chairman of the FRC indicated that the FRC
would expect to be aware of and, perhaps, review such cases. Thus, if
higher levels of exposure are to be experienced in construction of the

sea-level canal with nuclear explosives, the Interoceanic Canal Commis-

sion should be prepared to offer a formal justification.
T.2 Current Guidelines for Radiation Safety

On the bases sketchily outlined above, guidelines for occupational
exposure and for exposure of members of the population have been given by
the five authorities. While there are considerable differences in the
details of thelr respective recommendations, no doubt due, in part, to
differences in the publication dates of their most recent recommendations.
the basic limits of exposure are virtually identical. These are recom-
mendations by all the agencies for '"normal peace-time operations.” Im-
plicit in their selection is the judgment that the benefits normally
accruing to individuals and to society from the normal conduct of busi-
ness is sufficient justification to balance the low level of risk these

values are considered to entail.

© T.2.1 Permissible Limits of Exposure for Occupational Workers

The present maximum permissible doses (MPD) recommended by the
ICRP, IAEA, NCRP, and FRC for occupational exposure are shown in Table
7.1, 77, 7.8

These MPD values are applied to both internal and external

exposures. The formula for accumulated dose, 5(N — 18), where N is the
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Occupational Workers

Recommended Maximum Permissible Dose Eduivalents for

Maximum Dose Equivalent

Maximum Permissible Dose

Accumulated Dose

Organ (rem) in 13 Weeks Equivalent (rem) in 1 Year | Equivalent (rem)
Red Bona Marrow 3—1,ANF 5—1,AN 5(N-18) — I,A,N,F
Total Body 3—LANF 5—=1,AN 5(N-18) — LA N,F
Hzad and Trunk 3—NF 5—N 5(N-18) — N,F
Gonads 3—LANF 5—1,AN 5(N-18) — ILA/N,F
3—ANF 5—AN,F 5(N-18) — I,A,N,F
Lenses of Eyes - - —_— )
8~ 15—1
Skin 8- AN
1_9 - F _3_0_ - llNIFI
15—1 32 — A*
Thyroid 8- AN
10—F 30 —I,N,F
15— 1 32 — A*
Bone g- A
10 — F* 30 —1I,N
15—1 32 — A*
Hands, Forearms 20— AN 75— LNF
Fzet and Ankles 25 ~F
38 —1 80 — A*
All Other A=A 15=LNF
Organs 5—F 16 — A*
8 -1
F = FRC; FRC identifies its values as Radiation Protection Guides (RPG)
A = IAEA
N = NCRP
I = ICRP
* = tmplied
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individualts age in years, is intended to provide some flexibility in
occupational exposure situations when the need arises. Considering the
13-week permissible exposures (Column 2) where the formula applies, it
is seen that 12 rems could be accumulated in one year. However, all five
authorities emphasize that workers who have accumulated a dose higher
than that permitted by the formula should not be exposed at a rate higher
than 5 rems/year until the accumulated dose is lower than that permitted
by the formula. The formula implies that occupational exposures should
not be permitted for individuals whose age is less than 18 years. How=-
ever, in countries where this occupational age restriction is not limit-
ing, the ICRP7'9 and the IAEAY'lO recommend that exposures to the whole
body, gonads, blood-forming organs, and lenses of the eyes should not
exceed 5 rems in any one year; and the accumulated dose at age 30 should
not exceed 60 rems. /

For the application of these occupational MPD values to internal

7.1, T7.12 and the NCRPY'13 have calculated permis-

exposures, the ICRP
sible body burdens and maximum permissible concentrations of radionuclides
in air and water that are as consistent as possible with these age-
proration and MPﬁ limits. The MPD limits used for this purpose are

those listed in Table 7.1, Column 3, and entitled "Maximum Permissible
Dose Equivalent (rem) in 1 Year." For bone-seeking radionuclides, as an
example, the permissible bone burden is based on the deposition of the
radionuclide in bone, the relative biological effectiveness of the radia-
tion involved, and a comparison of the effective energy release in the
bone with the effective energy release from a bone burden of 0.l pg of

206

Ra plus daughters. This permissible bone burden corresponds to approxi-

mately 30 rems per year. Once the bone burden has been estimated,

o,



tr

ia

"

87

calculations are made as to the daily intake which, continued over a
50-year period, would not result in an accumulation greater than the
permissible bone burden. The basis of these calculations for exposures
via ingestion and inhalation is the so-called "standard man" which pro-
vides representative constants for the many variables involved. After
the permissible daily intake has been detérmined, maximum permissible
concentrations in éir and water (MPCa and MPCW) are derived by assuﬁing
that the daily intake of air and water are uniformly contaminated. These
give MPC values for the 168-hour week which are then adjusted upward to

allow for the shorter time exposure involved in a LO-hour week.

T.2.2 Permissible Levels of Exposure for Menmbers of the Population-at-
Large ~

The present annusl dose levels recommended by the ICRP, IAEA, NCRP,
and FRC for members of the general population are listed in Table 7.2.
With but one exception (see footnotes "d" and "e"), the values listed are
l/lO of the maximum permissible dose equivalents permitted in one year
for occupational workers (see Column 3 of Table 7.1).7'””7'_15 It is
seen that the FRC does not have Radiation Protection Guides (RPG) for some

T.16

organs. However, in his Memorandum for the President, the chalrman
of the FRC recommended that "where no Radiation Protection‘Guides are
provided, Federal agencies continue present practices." This is taken
by these authors to mean that the dose levels (and concentration guides)
to be followed by Federal agencies in such cases should be those recom-
mended by the ICRP and NCRP. Thus, there appear to be no important

differences among the recommendations of these authorities concerning

permissible exposure levels for members of the general population.
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Table 7.2. Annual Dose Levels

for Members of the Public

Organ or Tissue NCRPA FRCP ICRP IAEA

Gonads, Red Bone Marrow 0.5 rem 0.5 rem® | 0.5 rem 0.5 rem
Total Body 0.5 rem 0.5 rem® | 0.5rem 0.5 rem
Lenses of the Eyes 0.5 rem 0.5 rem 0.5 rem
Other Single Organs 1.5 rems 1.5 rems 1.5 rems
Skin, Bone, Thyroid 3 rems| 1.5rems9| 3 rems® 3 rems
Hands, Forearms, Feet, Ankles 7.5 rems 7.5 rems 7.5 rems

“These levels are based on NCRP' s simple recommendation that the permissible
dose to members of the population at large be reduced to not more than 1/10 of
the occupational values.

b

The FRC dose not recommend Radiation Protection Guides for individual
organ doses to the population other than gonads and whole body.

“The FRC specifies that the RPG for gonads shall be 5 rems in 30 years for
average population groups on the assumption that the majority of individuals do
not vary from the average by a factor greater than 3; thus, the pemissible
annual dose to gonads and whole body for average population groups would be
0.17 rems.

dThe FRC recommends RPG's for the thyroid of 1.5 rems/yr for individual and

0.5 rem/yr to be applied to the average of suitable samples of an exposed group
in the population.

®The ICRP recommends 1.5 rems/yr to the thyroid of children up to 16 years of age.

"y
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There are a number of reasons why permissible dose levels for mem-
bers of the general population should be less than those for occupaticnal
workers, Most important among them is the consideration of population
genetics which makeg it desirable %o limit exposure of the gonads of the
whole population. Another important reason is the fact that infantsyand
children are not included in the highly-selected, homogeneous, occupation-
ally exposed groups. It follows then, that the 1/10 safety factor and
additional safety factors are usually applied in situations involving ex-
posure of menbers of the general population.

All recognized authorities define a genetic dose, on the bases of
the "linear hypothesis” and "no threshold" assumptions, that is relevant
to an assessment of the genetic burden or genetic risk to the whole popu-
lation. Specifically, they recommend that the genetic dose to the general
population from all radiation sources, excluding natural background and
medical sources, should not egceed 5 rems in the interval from conception
to the mean age of childbearing (30 years). They suggest, further, that
the annual genetically significant dose should be’the average of the in-
dividual gonad doses, each weighted by the expected number of children to
be conceived after the exposure., To determine an average genetic dose for
a whole population, then, it is necessary %o ﬁeasure or estimte not only
the doses to individual menbers, but also to know the number of individuals
exposed., Any determination or estimation of the annual genetically signifi-
cant dose, in addition, requires information on the demography of the popu-
lation affected.

No specific recommendations are made by these authorities as to a

permissible, somatically-significant dose for members of the general



920

population. In cases of external exposure of the whole body to penetrat-
ing radiation, however, the limitation imposed by the genetic dose dis-
cussed above, by itself, reduces the doses to internal organs to or below
the annual levels listed in Table 7.2. The same applies to internal ex-
Posure resulting from radionuclides which contribute to the gonadal dose
of a population. In cases of internal exposure resulting from radio=-
nuclides or mixtures of radionuclides which concentrate in organs other
than the gonads, it is suggested that the concentrations of such radio-
nuclides in air or water should not exceed 1/30 of the MPC values for
continuous occupational exposure. In situations where it it possible to
identify the critical population group (i.e., the group expected to re-
ceive the highest dose), the ICRP7'17 indicates it may be appropriate to

use the 1/10 reduction factor instead.

Te3 Assessment of Risks to a Population from Environmental Contamination

The FRC7.18, 7.19, 7.20, 7.21, 7.22 and the MRC?.23, Te2k, T7.25 have

congidered the consequences of the release of radioactive materials to the
environment resulting from (1) industrial accidents involving reactors'and
nuclear fuel reprocessing plants, and (2) releases of radioactive materi-
als from the detonation of nuclear weapons or nuclear devices. The recom-
mendations of the FRC and the MRC p: -ide additional guidance concerning
action levels which may be applied in this radiological-safety feasibility

study.
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7.3.1 FRC Recommendations

Table 7.3 summarizes the Protective Action Guides (PAG) recommended
by the FRC in respect to (l) planning protective actions to reduce poten-
tial doses to the population from radioactive materials which may gain
access to food, and (2) doses at which implementation of protective
actions may be appropriate. It is seen that the radionuclides of interest

1374, 89,90 13

include Sr, and lI, and that PAG's for three categories are
given, except in the case of 1311. This exception is made because 1311
will have disappeared a few weeks after the contaminating event. The

PAG's for Category I are about equal to the annual doses regarded as per-
missible ones for those occupationally exposed to radiation (see Column 3
of Table 7.1l). The PAG's for Category II are 1/2 those for Category I, and
those for Category IIT are the same as the annual dose levels regarded as
permissible ones.for menbers of the general population (Table 7.2). The
FRC suggests, as an operational technique, that the PAG will be met if

the average absorbed dose to a suitable sample of the exposed population

is 1/3 the PAG or approximately 3 rads for Category I, 2 rads for Category

IT, and 0.2 rads for Category III.

7.3.2 MRC Recommendations

The MRC recommendations are for maximum permissible daily intakes

131 89,90 137
2

of four radionuclides (viz., T

Sr, and Cs) which might be of
the greatest importance during an accident, and in the period following
it, in determining the suitability of food for consumption or air for

breathing. The maximum intakes of 1311 for various ages correspond to a

total thyroid irradiation of 25 rads, as compared with a maximum annuval
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Contaminating Event

FRC Protective Action Guides for the Acute

Radionuclide

PAG's for Category 1°

PAG's for Category 1P

PAC's for Category 111€

37 N N
! Cs 10 rads in first year to 5 rads in first year to 0.5 rads in first year to
bone marrow or whole bone marrow or whole bone marrow of individual;
body of individual; body of individual; 0.2 rads to average of
3 rads to average of 2 rads to average of suitable sample.
suitable sample; total suitable sample.
dose must not exceed
15 rads.
89
Sr Same as above Same as above Same as above
90
Sr Same as above Same as above Same as above
131

30 rads in first year to
thyroid of individual;
10 rads to average of
suitable sample
(considered to consist
of children of 1 year
of age).

See Paragraph 7.3.1

See Paragroph 7.3.1

9Category | is concerned with immediate transmission of radionuclides through the pasture=cow-milk-~
man pathway, PAG is stated in terms of a projected dose that might otherwise be received if protective
action is not taken. Protective action must be initiated in about 1 week to be effective in averting
most of the potential intake,

bCategory Il is concerned with ‘the transmission of radionuclides to man through dietary pathways other
than that specified in Cotegory | during the first year following an acute contaminating event.
Immediate protective action to reduce the potential intake will not usually be required because of
the normal delay in the use of food crops or animal feed crops.

CCategory Il is primarily concerned with the long~term transmission of 90g; through soil into plants in
the years following a contaminating event. Any protective action that may be taken must be based
on the long~term reduction of radionuclide concentrations in products grown in the contaminated area.
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value of 30 rads for occupational exposures. The intakes for Sr and

9OSr correspond to & total of 15 rads and an annual rate of 1.5 rads per

year, respectively,rat sites of highest concentration in bone, as compared

with an occupational rate of 15 rads per year in ’bone.7'23 The 137Cs

intake gives a total dose of 10 rads to the whole body, which is less

than tﬂe maximum annual occupational value of 12 rads for whole-body

external irradiation, but greater than the average annual value of

5 rads.7°23
Table 7.4 summarizes, for a convenient comparison, the action

levels of both the FRC and the MRC.7'8 Again, it is seen that the recom-

mended values are essentially identical.

7.4 Proposed Criteriaa for Assessment of Possible Radiation

Risks Involved in Canal Construction with Nuclear Explosives

Since the principle of balancing benefits and risks applies in the
present case, the Interoceanic Canal Commission should evaluate the ex-
posure situations and the limitations on construction operations that
further limitations of dose wiil entail. It is only on the basis of such
an eValuétion that & final selection of acceptable levels in excess of
those commonly used can be Justified. Nevertheléss, some guidance can
perhaps be offered in terms of radiation safety criteria that have been
used and that might reasonably apply in an operation of this scope and
magnitude. For convenience, the proposed criteria are summarized in

Table 7.5.

¥This term is adopted to avoild any confusion with terms used by
recognized authorities to designate their official guides.



Ok

Table 7.4. FRC Protective Action Guides® and Comparable Values

Recommended by a Committee of the UK Medical Research COuncilb

Protective Action Guides (PAG)

Projected Absorbed Doses® and Critical Organsd

During First Year

to

During 70 Years

Permissible Total Intakes

to to to fo to
Radionuclide Individual Sample Individual Sample Individual Sample
(rad) (rad) (rad) (rad) (uCi) (2 CH)
137
Cs 10W,M SW,M 10W,M 3W,M 77 26
(1ow (0w (6,15,115)
8, ™M M OWM WM 100 33
(15)B (15)B
90sr 3me Ime 15W,M 5W,M 5 1.7
(1.5)8
131 | 307 10T 30T 10T 1.8 0.6
(257 (257 (0.65,1.2,3.4,15)

9Protective Action Guides, as presented in FRC Reports No. 5 and No. 7, were developed for use as guidance
in situations involving the rapid transmission of radionuclides from pasture to milk to man (Category I}.

bThe values given in parentheses are those recommended by the UK Medical Research Council's Committee on
Protection Against lonizing Radiation (British Medical Journal, April 11, 1959, vol. i, pp. 967=969). The
values given for 137Cs of (6,15,115) refer to intakes by children at birth, children at six months and adults
over 20 years of age, respectively; the values given for 131) of (0.65, 1.2, 3.4, 15) refer to intakes by
children up to six months, children at three years, children at 10 years and adults over 20 years of age,

respectively.

cValues of projected absorbed dose during the first year and during 70 years are for the critical segment of
the population following intake of the radionuclide for 100 days by the pasture to milk to man

pathway.

dOrgcms for which the projected absorbed doses are calculated include: W = whole body; B = Bone;
M = Red Bone Marrow; and T = Thyroid.

eThese values are implied by FRC's general statement (Report No. 7, page 3) that "the total dose from
90Sr is assumed to be 5 times the dose in the first year."

I
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T.4.1 Dose Commitments Requiring No Special Evaluation

Dose limits or dose commitments in this category are listed in
Column 2 of Table 7.5. They are the annual doses currently regarded as
maximum permissible ones for members of the general population by all the
recognized authorities (see Table 7.2). The footnote "a" specifies the

manner in which they should be regarded and applied. Exposure at or

below these levels is considered to entail a low level of rick.

7-4.2 Dose Commitments Requiring Special Evaluation

Higher levels are given in Colums 3 and 4 of Table 7.5. These
values represent levels which seem reasonable for the proposed operation
provided it can be shown that at substantially lower levels the operation
would be significantly impeded or become impracticable.

The values in Column 3 are essentially those entailed by 6 months
of exposure at the permissible occupational limits (see Column 3 of
Table 7.1). While they are acceptable for occupational exposure, this
does not, in itself, endorse their use for exposure of members of the

population.7'26

In proposing these values for this application, if higher
levels must be used, it is recognized that exposures at these rates should
not be allowed to continue over many years. Therefore, Column L4 is added
which, in effect, limits the total dose from this operation that menbers
of the population may receive. In interpreting these values in terms of
risk, it should be remembered that not all members of the population will

receive the same dose. This may be due to a wide variety of causes such

as age, sex, personal habits, mode of 1life, and physiological differences.

?
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Also, some allowance must be made for increased radiosensitivity of some
elements of the population, especially fetuses and children. These values
have been selected after taking these factors into account and thus rep-
resent values which, in the judgmént of these authors, might be considered
to apply to all members of the affected population.

The values recommended in Column L may be compared with recommenda-
tions of the FRC and the MRC (Tables 7.3 and 7.4). These authorities
recommended the use of 30 rems and 25 rems, respectively, as guides for the
exposure of the thyroid. The critical individual was considered to be the
infant of 1 to 2 years of age, and the evaluation took into account the
additional sensitivity of the thyroid of a child, as compared to that of
an adult.

The evidence concerning radiosensitivity was discussed in FRC

7.14, 7.20

reports and was considered extensively in a report by the

.27

NAS-NRC. Evidence concerning critical individuals of populations, so

89,90 137

far as exposure to Sr and

7.22

Cs is concerned, was cited by the

and more particularly by a NAS-NRC commi’f,tee7’28

FRC appointed by the
FRC for that purpose. The FRC then adopted a PAG of a mean dose of 10
rads to bone marrow or whole body of individuals in the general population,
and further provided that the total dose not exceed 15 rads.

In its 1959 report,7°23 the MRC recommended a 1limit of 1.5 rads per
year at the site of highest concentration in bone as a criterion of ex-

posure to members of the general population, with a limitation on total

dose of 15 rads. If account is taken of the fact that the rem, as used

in Table 7.5, is considered to be the rem as defined by ICRP and, hence,

includes a modifying factor of 5 for exposure of the bone to beta radi-

ation, it will be recognized that the values given by the MRC are
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considerably higher than those recommended in Table 7.5. However, the
values given in Table 7.5 are expressed in terms of an average over the
entire skeleton where the MRC values are maximum at the sites of highest
concentration in bone. Thus, the disparity is much less than appears from
the numerical values.

It should be understood that in proposing the use of the values
given in Columns 3 and 4 of Table 7.5 as criteria for this particular op-
eration, the proposed values are justified only if it is found that the
operation would be seriously hampered and impeded by attempting to carry
out the operation at lower levels of exposure. The principle remains
that unnecessary exposure is to be avoided, and that the use of exposure
levels beyond those considered to be justified in the normal course of
business and industrial operations involves the responsibility of deter-
mining, with some degree of care, that the additional margin of exposure
is, in fact, necessary to the practical conduct of the operation. This
can only be established by considering how the operation would proceed
if attempts were made to carry it out at a series of exposure levels
somewhat lower than those suggested here. The planning should provide
for some estimates of cost what would be encountered if lower levels were
used, so that it can be established and documented that exposures above the
current permissible levels of population exposure are, in fact, required
for successful completion of the operation. It is assumed that such
studies will be made, and the criteria recommended here are for use only
if it is found that lower levels would pose serious difficulties in com-
pleting the project. On the other hand, if it is found that lower levels

would be a serious impediment, it is believed that the importance of this

project is sufficient to Jjustify the use of the higher levels.

-
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This judgment is based on a comparison with the situations con-
sidered by the FRC and the MRC in recommending their levels. Inevitably,
a certain element of judgment is involved here, but the successful develop-
ment of a sea-level canal through the Isthmus appears to be a contribution
of such magnitude to the national life and welfare that the use’of ex-
posure levels comparable to those recommended by the FRC and the MRC for
use in local situations following weapons tests or reactor incidents are
certainly justified. At the same time, it is with reluctance that one
would envisage the possibility that doses might substantially exceed these
levels, say by a factor of 2 or more., In that case the doses might ap-
proach levels comparable to those where effects have been observed. For

example, in the case of children irradiated with X-rays for benign

. enlargements of the thymus gland, the estimated dose at which some

malignancies were produced ranged as low as 100 R.7'27 Admittedly, these
estimates were not very precise and there is the possibility of a number
of other factors being involved. Nevertheless, it would be disturbing

if exposures to the thyroids of children were to come substantially close
to 100 rads. Similarly, it would not seem wise to allow the bone marrow
of fetuses or infants to be exposed at levels substantially in excess of
those suggested here, say by a factor of 2 or 3. It is believed that any
substantial increase in these levels would require formidable justifica-

tion and a much more detailed evaluation of the potential biological

.effects.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

8.1 (Critical Radionuclides

A search of the literature has provided external and internal dose
models (see Chapters 3.0 and L4.0) for the modes of exposure considered
to be important. These models were used to develop Radionuclide Dose
Commitment Iists (see Appendixes III through X). The position of a
radionuclide in the lists does not necessarily indicate importance, or :
lack of importance, to the feasibility study since radionuclides cannot
be ranked in terms of their hazard potential without including infor-
mation on production, venting, and envirconmental exposure pathways.
Thus, development of the Radionuclide Dose Commitment Lists is but the
first of four steps (see Chapter 5.0) which should lead to a more real-
istic identification of radionuclides likely to be critical in canal
construction. The second step includes the incorporation of production
and venting estimates into the calculations. Steps three and four should .
consider adjustments based on fallout predictions and adjustments for | -
redistribution of the vented and nonvented radionuclides. These final
two steps can best be taken by conjoint effort among those in the study
familiar with nuclear explosives, with fallout predictions, with behavior
of radionuclides in the environment, and with dose estimation techniques.
The internal dose models require input information describing the
habits and characteristics of the population under consideration (see
Appendix I). All calculations to date have employed data drawn from

Caucasian populations. Information in current literature describing

fe
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the populations living in the vicinity of the proposed excavation

routes is inadequate for internal dose estimation purposes. The internal
dose models can be used effectively only if other subcontractors to this
study supply the information needed to complete Table h.l,‘describing

the adult segments of the populations. The internal dose model

[Eq. (%.1)7] has been shown to contain several parameters which are -
age-dependent; theréfore, calculation of dose commitment to a population
requires separate consideration for each age groﬁp. If the age-dependent
parameters are not evaluated for the populations of the canal area, an
alternative method will have to be used to estimate dose commitment to
the younger segménts of the populations, because the ultimate determi-
nation of radiological-safety feasibility must be based on dose estimates.
made for the critical age groups. One possibility would be to evaluate
the age-dependent factor for the Caucasian population (for whom some data
are available) and apply it to the dose estimate calculated for the adult
segments of the populations under consideration. The transfer of an
age-dependency factor assumes the net effect of age upon internal dose

to be the same for botﬁ populations. The variations in the ratios in
Table 4.1 indicate these parameters are characteristic of each definable
population. However,vwhen specific information from a given population
is not available, it is recommended that the modification factors devel-

oped for the Caucasian population be used as the first approximation.
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8.2 Environmental Pathways

The final predictions of the pathway terms in the general dose
models [see Egs. (2.1) and (2.2)] can be made with a systems analysis
approach based upon & coupled compartment model (see Fig. 6.1). The
model should be based on functional environmental units (populations,
commnities, or ecosystems) since the requisite data can most easily
be obtained on these bases. One of the basic inputs to this model would
be the output of the fallout prediction program (e.g., pCi/cmg for a
specified location). Each radionuclide would have to be treated sepa-
rately, as would the season of the year in relation to rainfall. Many
other factors may need special attention also, but this approach still
seems reasonable since the model could be programmed for a large digital
computer.

The environmental transfer coefficients for compartment income
and loss of radioactivity are among the major unknowns that have to be
determined before the model can be used to analyze environmental pathways.
Although it is possible to estimate the transfer of radicactivity from
one compartment to another, the complexity of the tropical ecosystems will
make it difficult to obtain data required to make the model operational.

Field investigations will have to give special consideration to
hydrology, because all compartments in the proposed pathways diagram
(see Fig. 6.1) have direct inputs from either ground water or surface
water. A possible exception is the highland forest ecosystem, diagrammed
without such inputs. Since preliminary field research indicates that the

epiphytic growths in nondeciduous, tropical highland forests may

[y
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accumulate fallout radionuclides over periods of years, the possibility
of ecosystem sinks for radionuclides must be explored further by more
comprehensive field studies. These studies should also include the
effect of particle size on foliar retention, possibly by field use of
fallout simulants which can be prdduced with specified particle size,
solubility, radioisotope, and specific activity. \

Initial calculations with the pathways model should be made
using information from the literature, and the voids can be estimated
by upper and lower bounds. Computer simulation of the model is recom-
mended to provide solutions of simultaneous differential equations
which will at least provide a sensitivity analysis indicating which of
the transfer coefficients have a large impact on the dose estimated for
man. This sensitivity analysis should help guide further field efforts
toward improving certain estimates where it is most important to do so,
and replacing some of the estimated numbers with empirical values where
it is possible for this to be done.

The type of environmental measurements required for the systems
model is similar to the type required for the specific activity approach
of evaluating possible hazardous situations following the proposed
nuclear excavations. The systems approach, and specific activity approach,
when carried out concurrently, will supply comparative results and tend
to strengthen the overall evaluation.of the pathway term in the dose
estimation models.

The specific activity concept may be useful for the marine environ-
ment, and possibly for parts of the fresh water environment._ At present,

application of this concept to the terrestrial environment is likely to '
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be limited, principally because there may not be uniform mixing of i
radioactive atoms with stable atoms of the same element. The concen-
tration of a radionuclide allowed in the environment by the simplified
specific activity model is always conservative, compared to the generalized
specific activity model which considers bilological elimination, radio-
active decay, and biological growth (see Fig. 6.6). Thus, when the as-
sumptions for application of thé/éimplified specific actiVity model are
met, this model is recommended for use in the feasibility study because

it requires a minimum of analytical data and the guidance it provides is N

conservative.

8.3 Radiation Safety Criteria

Ievels of permissible exposure for members of the general popu-
lation, as currently recommended by five national and international
authorities (i.e., ICRP, IAEA, NCRP, FRC, and MRC) for what are termed
"pormal peace-time operations", are virtually identical (see Table 7.2).

These currently accepted guidelines for exposure of a population
are considered to entail a low level of risk when balanced against the
benefits normally accruing to individuals and to society from the conduct
of normal peace-time nuclear operations. They may be applied in the
present case if it is found that the construction of a sea-level canal
with nuclear explosives would not be seriously hampered or impeded.

Higher levels of population exposure, (see Table 7.5) based on
a comparison of the canal situation with situations considered by the

FRC and the MRC in recommending certain protective action levels (see

LI
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Table T7.4), may be justified only if it is found that the canal operation
would be seriously hampered or impeded by carrying out the operation at
the lower, currently accepted leveis of population exposure.

Since the principle of balancing benefits and risks applies in
the present caée, the Interoceanic Canal Commission will have to evaluate
the exposure situations and the limitations on construction operations
that further limitations of dose will entail. It is only on the basis
of such an evaluation that a final selection of acceptable exposure
leVels in excess of those commonly used can be justified. 2Planning of
the operation, therefore, should provide for some estimates of cost
that would be encountered if lower levels were used, so that it can be
established and documented that exposures above the currently accepted

levels are, in fact, required for successful completion of the operation.
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APPENDIX T

Data Requirements for Dose Estimation Study

1. Construction Details for Rt 17 and Rt 25

Engineering Plans
size and location of nuclear explosives and sequence detonations
current plans for exclusion zones
current plans for population relocation
current plans for time of reentry
canal details (size, angle of repose, etc.)

Source Term
quantity of radionuclides produced (fission, fusion, activation)
fraction of radionuclides vented

original distribution of vented radionuclides (cloud, land
surface, water surface)

fractionation

original distribution of nonvented radionuclides

chemical and physical character of vented and nonvented radionuclides
2. Native Population

Demography

density

population census by location

house location and construction

sex and age distribution

birth rate

child-bearing age

LI
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APPENDIX I, continued

Dietary Habits (by location)
water sources and intake rates (by age and sex)
food sources, types, and intake rates (by age and sex)
food preparation
breast feeding
Physical Characteristics (by location)
Domestic Habits
Land and Water Use (by location)
Drinking Water
Agriculture
Livestock
Recreation
Natural Resources
Freshwater and Marine Harvests
Accessibility (land, water, air)
Geology and Geophysics
Stratigraphy
Permeability
Porosity
Inhomogeneities
Thermal Properties
Earthquake History
Ground Water
Water Table Contours

Water lLevel Fluctuations
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APPENDIX I, continued
Rate and Direction of Flow
Height of Capillary Fringe
Artesian Conditions
Areas of Recharge and Discharge
Chemical Composition
Physical Characteristics
Surface Water (fresh and saline)
Rate of Flow
Flow Pattern
Sediment Concentration and Composition
Chemical Composition

Physical Characteristics

Water Characteristics (flooding, intrusion)

Climate and Meteorology
Rainfall
annual mean
range
distribution
intensity
Wind
direction
velocity
distribution
Temperature

annual mean

¥

W
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APPENDIX I, continued

range

distribution
Stability
Evaporation
Seil
Infiltration Rate or Permeability
Moisture Content
Bulk Density
Porosity
Particle Size
Chemical Composition
Mineral Composition
Distribution Coefficients
Chelating Properties
Redox Potential |
Plants (terrestrial and aguatic by species)
Productivity
Tand or Water Surface Coverage

Evapotranspiration

" Life Cycle Period

Rate of Decomposition

Soil or Nutrient Media to Crop Transfer Coefficients
Foliar Contamination Potential

Rate or Percent of Translocation

Effective Half-Life

Chemical Composition (Specific Activity)

Plants Consumed
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APPENDIX I, continued

Animals (of food value)
Produetivity
Product Contamination
Chemical Composition (Specific Activity)
Parts Consumed
Insects (of food value)
Amount s Available
Chemical CJomposition (Specific Activity)
Parts Consumed
Maps and Photos
Topography
Geology
Stratigraphy
Ground Water Hydrology

water table

depth to water
Surface Water Hydrology

flow patterns

bottom contours
Accessibility

roads

paths

waterways

airstrips

e
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APPENDIX I, continued

Soils

type

depth
Habitation
Land and Water Use

agriculture

livestock

flshing

natural resources
Vegetation
Canal Tocation and Features

ILand and Water Deposition of Radionuclides
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APPENDIX III

LISTING OF RADIONUCLIDES FOR SUBMERSION DOSE RATES IN WATER CONTAINING

INITIALLY 1 MICROCURIE PER GRAM

TIME 0.
BETA DOSE GAMMA DOSE TOTAL DOSE

NO, NUGLIDE REMS /HR NUCLIDE REMS/HR NUCL IDE REMS/HR
1 SB 128 0.26027E 01 NA 24 0.87936E 01 NA 24 0.93909€ O1
2._.Y 94 0.257C7E 01 SC_48 0.71893E 01 SC 48 0.74240E 0L
3 SB 131 0.24853E 01 €O 60 0.53120E 01 €S 138 0.57197€ 01
4 __RB 88 0.22454E Q1 LA 140 0.45034E 01 Y 94 0.55573E 01
5 SN 127 0.22293E 01 SE 83 0.44339€ 01 CO 60 0.54112€ 01
6 __RB 89 0.21120E 01 PB 204M 0.44212E 01 LA 140 0.50865E 01
7 SB 129 0.20160€ 01 CS 138 0.42969E 01 SE 83 0.49318E Ol
8__TE_134 0.17280F 01 1132 0.42794E 01 MN 56 0.4B8031F 01
9 Y 95 0.16853E 01 MN 5o 0.38699E 01 1 132 0.47796€E 01
10 1C 102 0.14933E 01 Bl 207 0.36651E 01 BR 84 0.46685€ 01
11 K 42 0.14722E 01 CS 134 0.33452E 01 P8 204M 0.44212E 01
12 Y 92 0.14669E 01 1135 0.32747E 01 KR 87 0.38443E 01
13 BR 84 0.14518E C1 BR 84 0.32166E 01 PR 146 0.37108E 01
14 RH 106 0.14282E 01 Y 94 0.29867E 01 BA 139 0.36998E 01
15 CS 138 0.14228€ 01 BA 139 0.28747E 01 81 207 0.36651F 01
16 AG 112 0,14002E 01 S8 126 0.27733E 01 I 135 0.36163E 01
17 KR 87 0.13909E 01 TE 133 0.27733E 01 RB 88 0.35306E 01
18___RB Si 0..13440E Cl1 NA 22 0.27733E 01 CS 134 0.34984E 01
16 AS 78 0.13355E 0l I 134 0.27008E 01 AS 78 0.34929E Ol
.20 LA 143 0.13333f£ 01 KR_88 0.26254E 01 1 134 0.34391E€ 01
21 PR 146 0.13286E 01 EU 156 0.25600E Ol TE 133 0.34314E 01
22 Y 93 0.12907F Gl FE 59 0.25290E 01 SB 126 0.31424E 01
23 PR l44 0.12545E 01 KR 87 0.24533E 01 TE 129 0.30795€E 01
24 BA 14] 0.12160E 01 PR 146 0.23823E 01 EU 156 0.30592E 01
25 IN 119 0.11840E Ol TE 129 0.23467E 01 KR 88 0.30236€ 01
26 SN 126 0.10987E 01 AS 78 0.21575E 01 NA 22 0.29792€ 01
27 LA 142 0.10667E 01 MO 101 0.18411E 01 AG 1i2 0.27954€ 01
28 RH 109 0.10315¢ 01 Ch 117 0.18379E 01 Y 93 0.27840E 01
29 LA 141 0.10033E 01 SR 91 0.18045E 01 FE 59 0.26544E 01
30 SN 125 0.96699E 00 MN 54 0.17920E 01 SB 128 0.26027€ 01
31 MN 56 0.93328E 00 CD 117M 0.16853E 01 SB 131 0.24853E 01
32 Y 90 0.92800E 00 NB 9TM 0.15936E 01 SR 91 0.24632E 01
33 PD 111 0.90560E 00 NB 95 0.15893E 01 LA 142 0.24619E 01
34 _ BA 139 C.82509€ 00 RU 105 0.15488E 01 MO_101 0.24501E 01
35 IR 97 0.81067E 00 IN 117 0.15488E 01 Y 92 0.23759E 01
36 _ND_151 0.77867E 00 SB 127 0.15360E 01 SN 127 0.22293E 01
37 P 32 0.74667E 00 IR 95 0.14990E 01 cb 117 0.22199€ 01
38 1 134 0.73835E 00 Y 93 0.14933E 01 K 42 0.21165€ 01
39 AG 113 0.73600E 00 W 187 0.14720E Ol RB 89 0.21120€ 01
40  TE 129 0.73280E 00 NB 97 0.14187E_01 SB 129 0.20160F 01
41  SM 155 0.72000E 00 BA 137M 0.14101E 01 SB 127 0.19936f 01
42  TE 131 0.70384E 00 LA 142 0.13952€ 01 RU 105 0.19872E 01
43 PR 145 0.67413E 00 AG 112 0.13952E 01 RH 106 0.19540E 01
44 SR_91 0.65872E_00 RB_ 88 0.12851E 01 NB 97 0.19179€ 01
45 TE 133 0.65803E 00 IN 65 0.12358E 01 IN 117 0.18069E 01
46 Y 91 0.64000E 00 1 133 0.11834E 01 MN 54 0.17920E 01
47 EU 152 0.62101E 00 Y 91M 0.11755¢ Ol W 187 0.17655E O1
48 MO 101 0.60907E 00 I 131 0.11108E 01 TE 134 0.17280E 01
49 IN 118 0.5984CE 00 XE 135M 0.11093E 01 TE 131 0.17172E 01
50 NA 24 0.59733E 00 AU 196 0.10664E 01 1 133 0.17066€ 01
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APPENDIX ITT, continued

51 SR 89 0.58667E 00 TE 131 0.10133E 01 Y 95 0.16853E 01
52 LA 140 0.58315E 00 RU 103 0.10093€ 01 €D 117M 0.16853E 01
53 ND 149 0.57600E 00 Y 92 0.90901E 0OC NB 95 0.16363E 01
54 SE 81 0.56213E 00 AU 198 0.89316E 00 - IR 95 0.16236E 01
55 IN 117M 0.54756€ 00 TE 133M 0.85333E 00 NB 97M 0.15936E 01
56 I 133 0.52322E 00 SB 125 0.83652E 00 TC 102 0.14933F 01
57 1 132 0.50018E 00 SM 155 0.74880£ 00 SM 155 0.14688E 01
58 NB 97 0.49920€ OO0 CE 143 0.71205€ 00 PR 144 0.14235E 01
59 EU 156 0.49920E 00 IN 115M 0.67179€E 00 BA 137M 0.14101E 01
60 SE 83 0.49792E 00 K 42 0.64427E 00 RB 91 0.13440E 01
61 SN 123 0.48107E 0O TC 101 0.64000E 00 LA 143 0.13333€ 01
62 SR 92 0.46933E 00 PM 149 0.60800E 00 1 131 0.13069E 01
63 TC 101 0.46400E 00 XE 135 0.57109€E 00 IN 65 0.12375E 01
64 RH 107 0.46293E 00 P8 203 0.56747E Q0 AU 198 0.12351E 01
65 SB 127 0.45760E 00 PM 151 0.55071E 00 BA 141 0.12160E 01
66 RU 105 0.43840E 00 CE 146 0.54408E 00 IN 119 0.11840E€ 01
. 67 MO 99 0.43502E 00 HG 203 0.53415E 00 Y 91M 0.11755€ 01
) 68 U 239 0.42560E 00 RH 106 0.52588E 00 SN 125 0.11697E 01
69 BI 210 0.41387E 0O BA 140 0.50773E 00 LA 141 0.11633E 01
R 70 CD 118 0.41067E 0C ND 147 0.50325E 00 XE 135M 0.11093E 01
71 PM 151 0.40320€ 00 NB 95M 0.50133E 00 CE 143 0.11077€E 01
s 12 KR 88 0.3981%E 00 XE 133M 0.49707E 00 TC 101 0.11040E 01
73 CE 143 0.39563E 00 TE 132 0.49280& 00 SN 126 0.10987& 01
74 €D 117 0.38206E 00 EU 152 0.47586E 0O EU 152 0.10969E 01
o 75 PM 149 0.38080E 0OC PT 19%M 0.43697E 00 RU 103 0.10821E 01
= 76 AG 111 0.37370E 00 IN 117M 0.41387E 00 AU 196 0.10709€ 01
17 SB 126 0.36907€E 00 EU 155 0.40704E 00 RH 109 0.10315E 01
78 SM 156 0.36480E 00 KR 85M 0.38528E 00 PM 149 0.98880F 00
79 BR 83 0.35947c 00 NP 239 0.38222E& 00 IN 117M 0.96143E 00
80 PD 109 0.34880E 00 TJE _131M 0.37760E 00 PM 151 0.95391E 00
81 AU 198 0.34194E 00 XE 131M 0.34773E 00 Y 90 0.,93995E 00
82 I 135 0.34165E 0O SN 123 0.32640E 00 SB 125 0.92513E 00
83 PR 143 0.33493E 00 U 237 0.32249E 00 PD 111 0.90560E 00
84 GE 78 0.3328CE 00 SM 153 0.31793E 00 ND 151 0.90347E 00
85 MO 102 0.33280E 00 TC 99M 0.30080E 00 XE 135 0.90048E 00
86 XE 135 0.32939E 00 RH 105M 0.27733E 00 TE 133M 0.85333E 00
a7 RH 105 0.31824E 00 MO 99 0.25515€E 00 IR 97 0.81067E 00
88 € 136 0.31467€E 00 TE 125M 0.23467E 00 SN 123 0.80747€ 00
89 W 187 0.29355€ 00 TE 129M 0.22613E 00 BA 140 0.79509E 00
90 BA 140 0.28736E 00 CE 141 0.20725€E 00 CE 146 0.78408E 00
91 IN 117 0.25813E 00 SN 125 0.20267E 00 P 3z 0.74667E 00
92 TL 204 0.25387€ 00 TE 127M 0.18880F 00 ND 147 0.74245E 00
93 KR 85 0.25173€ 00 AG 109M 0.18773E 00 AG 113 0.73600E 00
94 KR_85M 0.25088E 00 XE 133 0.17280E 00 MO 99 0.69016E 00
- 95 TE 127 0.24213E ©O PR 144 0.16907E 00 IN 115M 0.68977E 00
96 CE 146 0.24000E 0O LA 141 0.16000E 00 PR 145 0.67413E 00
97 ND 147 0.23920E 00 U 239 0.13901E 00 Y 91 0.64781E 00
= S8 SC 48 0.23467E QO ND 151 0.12480E 00 KR 85M 0.63616F 00
- 99 SM 153 0.22157€ 00 BE 7 0.12288E 00 IN 118 0.59840E 00
l 100 SR 90 0.21333E 00 BR 83 0.10880E 00 HG 203 0.59549E 00
101 IN 115 0.21333E 00 PB 210 0.10027E 00 SR 89 0.58667E 00
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102 NA 22 0.20587E 00 W 181 0.99420E-01 ND 149 0.57600€ 00
103 __CD 113M 0.19947E 00 KR B3M 0.88533F-01 PB 203 0.56747E_00
104 1 131 0.19604E 00 CE 144 0.86699E-01 U 239 0.56461E 00
105 €S 137 0,19298E 00 RH 103M 0.85333E-01 SE 81 0.56213E 00
106 CE 141 0.158C5E 00 1 129 0.83200E-01 TE 132 0.55787€ 00
107 CS 134 0.15316E 00 RH 105 0.68693E-01 SM 153 0.53950E 00
108 XE 138 0.13333E 00 KR 85 0.65792E-01 NP 239 0.51481E 00
109 W 185 0.13333F 00 CR 51 0.63493E-01 NB 95M 0.50133E_00
110 NP 239 0.13259E 00 AG 111 0.63211E-01 XE 133M 0.49707€ 00
111__ TC 99 0.12907E 00 NB 93M 0.62293E-01 SR 92 0.46933E 00
112 FE 59 0.12540E 00 SM 151 0.40533E-01 BR 83 0.46827€ 00
113 _ZR_95 0.12455E 00 PD 112 0.38400E-01 RH_ 107 0.46293E 00
114 CU 64 0.12178E 00 TL 201 0.35413E-01 EU 155 0.45589€ 00
115 SN 121 0.12160E 00 PU 240 0.2666TE-01 PT 195M 0.43697E 00
116 XE 133 0.10667E 00 PU 239 0.16960E-01 AG 111 0.43691E 00
117 €0 60 0.99200E-01 FE_55. 0.12587E~01 BI 210 0.41387E 00
118 S8 125 0.88608E~01 Y 90 0.11947E-01 €D 118 0.41067E 00
119 RS 87 0.84267E-01 PU 241 0.10667E-01 U 237 0.39181F 00
120 CE l44 0.83413E-01 PU 238 0.10213E-01 RH 105 0.38693E 00
121 CA 45 0.82133E-01 Y 91 0.78080£~02 TE 131M 0.37760E 00
122 RU 103 0.72853E-01 CU 64 0.67200E-02 CE 141 0.36530E 00
123 PM 147 0.71467E-01 GE 78 0.0 SM 156 0.36480E 00
124 U 237 0.69325E-01 SE 79 0.0 PD 109 0.34880E 00
125 TE 132 C.65067E-01 SE_81 0.0 XE 131M 0.34773E 00
126 CS 135 0.61867E-01 RB 87 0.0 PR 143 0.33493E 00
127 HG 203 0.61333E-01 RB 89 0.0 GE 78 0.33280E 00
128 PD 112 0.58667E-01 RB 91 0.0 MO 102 0.33280E 00
129 _PU 241 0.55040E-01 SR 89 0.0 KR 85 0.31753E 00
130 C 14 0.53333E-01 SR 90 0.0 c 136 0.31467€ 00
131 S 35 0.52480E-01 SR_92 0.0 TC 99M 0.30080E 00
132 EU 155 0.48853E-01 Y 95 0.0 XE 133 0.27947TE 00
133 SE 79 0.46933E-01 ZR 93 0.0 RH_105M 0.27733E 00
134 NB 95 0.46933E-01 IR 97 0.0 TL 204 0.25387E 00
135 PB 210 0.45760E-01 MO 102 0.0 TE 127 0.24213E 00
136 1 129 0.42667E-01 TC 99 0.0 TE 125M 0.23467E 00
137 SM 151 0.20267E~01 TC 102 0.0 TE 129M 0.22613€ 00
138 IN 115M 0.17984E-01 RU 106 0.0 SR 90 0.21333E 00
139 2R 93 0.17067E-01 RH 107 0.0 IN 115 0.21333E 00
140 PD 107 0.1C667E-01 RH 109 0.0 CD 113M 0.19947E 00
141 _RU 106 C.96000E-02 PD 107 0.0 €S 137 0.19298E 00
142 H 3 0.58667E~02 PD 109 0.0 TE 127M 0.18880E 00
143 AU 196 0.45760E—02 PD_111 0.0 AG 109M 0.18773E 00
144 IN 65 0.17589E-02 AG 113 0.0 CE 144 0.17011E 00
145 KR _83M 0.0 CD 113M 0.0 PB_210 0.14603€ 00
146 Y 91M 0.0 CD 118 0.0 XE 138 0.13333E 00
147 NB 93M 0.0 IN 115 0.0 W 185 0.13333E 00
148 NB 95M 0.0 IN 118 0.0 TC 99 0.12907€ 00
149 NB_97M 0.0 IN 119 0.0 CU 64 0.12850E 00
150 TC 99M 0.0 SN 121 0.0 I 129 0.12587E 00
151 RH 103M 0.0 SN 126 0.0 BE 7 0.12288E 00
152 RH 105M 0.0 SN 127 0.0 SN 121 0.12160E 00
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153 AG 1C9M 0.0 S8 128 0.0 W 181 0.99420E-01
154 CD _117M 0.0 SB 129 0.0 PD 112 0.97067E-01
155 TE 125M 0.0 S8 131 0.0 KR 83M 0.88533E-01
156 TE 127M 0.0 TE 127 0.0 RH 103M 0.85333E-01
157 TE 129M 0.0 TE 134 0.0 RB 87 0.84267E-01
158 TE 131M 0.0 XE 138 0.0 CA 45 0.82133E-01
159 TE 133M 0.0 CS 135 0.0 PM 147 0.71467€E-01
160 XE 131M 0.0 CS 137 0.0 PU 241 0.65707E-01
16l XE 133M 0.0 BA 141 0.0 CR 51 0.63493E-01
162 XE 135M 0.0 LA 143 0.0 NB 93M 0.62293€£-01
163 BA 137M 0.0 PR 143 0.0 CS 135 0.61867TE-01
164 BE 7 0.0 PR 145 0.0 SM 151 0.60800E-01
165 FE 55 0.0 ND 149 0.0 C 14 0.53333E-01
166 MN_54 0.0 PM 147 0.0 S 35 0.52480£-01
167 W 181 - 0.0 SM 156 0.0 SE 79 0.46933E-01
168 P8 203 0.0 H 3 0.0 TL 201 0.35413E-01
169 PT 195M 0.0 . C 14 0.0 PU 240 0.26667E-01
170 PU 238 0.0 P 32 0.0 ZR 93 0.17067E-01
171 BI 207 0.0 S 35 0.0 PU 239 0.16960E~01
172 TL 201 0.0 C 136 0.0 FE 55 0.12587E-01
173 PU 239 g.0 CA 45 0.0 PD 107 0.10667E~-01
174 PU 240 0.0 W 185 0.0 PU 238 0.10213E-01
175 PB 204M 0.0 TL 204 0.0 RU 106 0.96000£-02
176 CR 51 0.0 B1 210 0.0 H 3 0.5866TE~-02
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APPENDIX IV

LISTING OF RADIONUCLIDES FOR SUBMERSION DOSE RATES IN AIR CONTAINING

INITIALLY 1 MICROCURIE PER GRAM

TIME 0.
BETA LOSE GAMMA DOSE TOTAL DOSE

NO. NUGL IDE REMS /HR NUCL1DE REMS/HR  NUCLIDE REMS/HR
1 SB 128 0.29687E 01 NA 24 0.50151E 01 NA 24 0.56964E 01
2 Y 94 0.29322E 01 SC_48 0.41002E 01 Y 94 0.46355E 01
3 sB 131 0.28348E 01 €O 60 0.30295€ 01 SC 48 0.43678E 01
4 _RB 88 0.25612E O1 LA 140 0.25683F 01 €S 138 0.40734E 01
5 SN 127 0.25428E 01 SE 83 0.25287E O1 BR 84 0.34905E 01
6 __RB 89 0.24090E 01 PB 204M 0.25215€ 01 RB 88 0.32941E 01
7 SB 129 0.2299%€ 01 cS 138 0.24506E 01 MN 56 0.32716E O1
8 TE 134 0.19710E 01 1 132 0.24406E 01 LA 140 0.32338€ 01
9 Y 95 0.19223E 01 MN 56 0.22070F 01 €O 60 0.31426E 01
10 TC 1¢2 0.17033E 01 BI 207 0.20902E 01 SE 83 0.30966E 01
11 K 42 0.16792E 01 CS 134 0.19078E 01 1 132 0.30111E 01
12 __Y 92 0.16732E 01 1135 0.18676E 01 KR 87 0.29857E 01
13 BR 84 0.16560E 01 B8R 84 0.18345E 01 SB 128 0.2968TE 01
14 _RH 106 0.16290F 0Ol Y 94 0.17033E 01 PR 146 0.28740E 01
15 CS 138 0.16228E 01 BA 139 0.16395E 01 58 131 0.28348E 01
16 ___AG 112 0.15971F 0l SB 126 0.15817E 01 AS 78 0.27537€ 01
17 KR 87 0.15865E 01 TE 133 0.15817E€ 01 BA 139 0.25806E 01
18 __RB_91 0.15330E 01 NA 22 0.15817€ 01 SN 127 0.25428€ 01
19 AS 78 0.15233€ 01 1 134 0.15403E 01 PB 204M 0.25215E 01
_ 20 ___LA 143 0.15208E 01 KR 88 0.14973E 01 RB 89 0.24090E 01
21 PR 146 0.15154E 01 EU 156 0.14600E Ol AG 112 0.23928E 01
22 Y 63 0.14722E 01 FE 59 0.14423E 01 1 134 0.23825€ 01
23 PR l44 0.14309E 01 KR 87 0.13992E O1 TE 133 0.23322E 01
24 BA_l4l 0.13870E 01 PR 146 0.13587E 01 Y 93 0.23238E 01
25 IN 119 0.13505E 01 TE 129 0.13383E 01 S8 129 0.22995E 01
26 SN 126 0.12532E 01 AS 78 0.12304E 01 1 135 0.22573E 01
27 LA 142 0.12167€ 01 MO 101 0.10500E 01 Y 92 0.21916E 01
28 ___RH 109 0.11765E 01 cD 117 0.10482E 01 TE 129 0.21742E 01
29 LA 141 0.11443E 01 SR 91 0.10291E O1 BI 207 0.20902€ 01
30 SN _125 0.11030F 01 MN_ 54  0.10220E 01 CS 134 0.20825E 01
31 MN 56 0.10645E 01 Co 117M 0.96117E 00 K 42 0.20467€ O1
32__ Y 90 0.10585E 01 NB 9TM 0.90885E 00 EU 156 0.20294E 01
33 PD 111 0.10329E 01 NB 95 0.90642E 00 LA 142 0.20124F 01
34 BA 139 0.94111E 00 RU_105 0.B88330E 00 S8 126 0.20026E 01
35  ZR 97 0.92467E 00 IN 117 0.88330E 00 TE 134 0.19710E 01
36 _ND 151 0.88817E 00 sB 127 0.87600E 00 KR 88 0.19515E 01
37 P 32 0.85167E 00 IR 95 0.85490E 00 RH 106 0.19289F O1
38 1 134 0.84218E 00 Y 93 0.85167E_00 Y 95 0.19223E 01
39 AG 113 0.83950E 00 W 187 0.83950E 00 NA 22 0.18165€ 01
40 TE 129 0.83585E 00 NB 97 0.80908E 00 SR 91 0.17805E 01
41 SM 155 0.82125E 00 BA 137M 0.80422E 00 MO 101 0.17447E 01
42 TE 131 0.80282E 00 AG 112 0.79570E 00 TC 102 0.17033E 01
43 PR 145 0.76893E 00 LA 142 0.79570E 00 FE 59 0.15854E 01
44 SR 91 0.75135E_00 RB 88 0.73292E 00 RB 91 0.15330€ 01
45  TE 133 0.75056E 00 IN 65 0.70477€ 00 PR 144 0.15273E 01
46 Y 91 0.73000E 00 1 133 0.67488E 00 LA 143 0.15208E 01
47 EU 152 0.70834E 00 Y 91M 0.67038E 00 CD 117 0.14839E€ 01
48 _MO_101 0.69472E 00 I 131 0.63353E 00 sB 127 0.13979E 01
49 IN 118 0.68255E 00 XE 135M 0.63267E 00 BA 141 0.13870F 01
50 NA 24 0.68133E 00 AU 196 0.60816E 00 RU 105 0.13833€ 01
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51 SR 89 0.6691L7E 00 TE 131 0.57792E 0C TE 131 0.13807€ 01
52 LA 140 0.66515E 00 RU 103 0.57560E 00 NB 97 0.13785E 01
53 ND 149 0.657C0€ 00 Y 92 0.51842E 00 IN 119 0.13505¢€ 01
54 SE 81 0.64118E 00 AU 198 0.50938E 00 1 133 0.12717E 01
55  IN 117M 0.62456E 00 TE 133M 0.48667E 00 SN 126 0.12532E 01
56 1 133 0:59680F 00 SB 125 0.47708E 00 SM 155 0.12483E 01
57 I 132 0.57052E 00 SM 155 0.42705E 00 LA 141 0.12356E 01
58 _NB 97 0.56940E (G CE 143 0.40609E 00 SN 125 0.12186E 01
59 EU 156 0.56940E L0 IN L15M 0.38313E 00 IN 117 0.11777E 01
60 SE 83 0.56794E 70 K 42 0.36743E 00 RH 109 0.11765E 01
61 SN 123 0.54872E 00 TC 101 0.36500E 00 W 187 0.11743E 01
62 SR 92 0.53533E 00 PM 145 0.34675E 00 Y 90 0.10653E 01
63 1C 101 0.52925€ 00 XE 135 0.32570E 00 PD 111 0.10329E 01
64 RH 107 0.52803E 00 PB 203 0.32363E 00 MN 54 0.10220E 01
65 SB 127 0.52195E 00 PM 151 0.31408E 00 IR 95 0.99697E 00
66 RU 105 0.50005E 00 CE 146 0.31030E 00 EU 152 0.97973E 00
67 MO 99 0.49619E 00 HG 203 0.30463€ 00 CD 117M 0.96117E 00
- 68 U 239 0.48545E 00 RH 106 0.29991E 00 NB 95 0.95995E 00
69 BI 210 0.47207E 00 BA 140 0.28957E 00 ND 151 0.95934E 00
70 CD 118 0.46842E 00 ND 147 0.28701E' 00 IR 97 0.92467E 00
“ 71 PM 151 0.45990E 00 NB 95M 0.28592E 00 NB 97M 0.90885E 00
L 72 KR 88 0.45418E 00 XE 133M 0.28348E 00 AU 198 0.89941E 00
73 CE 143 0.45126E 00 TE 132 0.28105E 00 TC 101 0.89425E 00
T4 CD 117 0.43579€ 00 EU 152 0.27139E 00 IN 117M 0.86060€ 00
75  PM 149 0.43435E 00 PT 195M 0.24921E 00 CE 143 0.85736E 00
“ 76 _AG 111 0.42625E 00 IN 117M 0.23603E 00 I 131 0.85713E 00
77 SB 126 0.42097E 00 EU 155 0.23214E 00 P 32 0.85167E 00
78 _ SM 156 0.41610E 00 KR_85M 0.21973E 00 AG 113 0.83950E 00
79 BR 83 0.41002E 00 NP 239 0.21798E 00 BA 137M 0.80422E 00
80 _PD 109 0.39785E 00 TE 131M 0.21535E 00 PM 149 0.78110E 00
81 AU 198 0.39003E 00 XE 131M 0.19832E 00 PM 151 0.77398E 00
82 1 135 0.38970E 00 SN 123 0.18615E 00 PR 145 0.76893E 00
83 PR 143 G.38203E 00 U 237 0.18392E 00 SN 123 0.73487E 00
84  GE 78 0.37960E 00 SM 153 0.18132E 00 Y 91 0.73445E 00
85 MO 102 0.37960E 00 TC 99M 0.17155E 00 IN 65 0.70677E 00
86 _XE 135 0.37571E 00 RH 105M 0.15817E 00 XE 135 0.70141E 00
87 RH 105 0.36299E 00 MG 99 0.14551E 00 IN 118 0.68255€ 00
B8 C 136 0.35892E 00 TE 125M 0.13383E 00 Y 91M 0.67038E 00
89 W 187 0.33483E 00 TE 129M 0.12897E 00 SR 89 0.66917TE 00
90 BA 140 0.32777E 00 CE 141 0.11820E 00 RU 103 0.65870E 00
91  IN 117 0.29443E 00 SN 125 0.11558E 00 ND 149 0.65700€ 00
92 _TL 204 0.28957E 00 TE 1274 0.10767E 00 MO 99 0.64171E 00
93 KR 85 0.28713E 00 AG 109M 0.10707E OC SE 81 0.64118E 00
94 KR _85M 0.28616E 00 XE 133 0.98550E-01 XE _135M 0.63267E 00
95  JE 127 C.27618E 00 PR 144 0.96421E-01 BA 140 0.61734E 00
2 96 CE 146 0.27375E 00 LA 141 0.91250E-01 AU 196 0.61338E 00
97  ND 147 0.27284E 00 U 239 0.79278E-01 CE 146 0.58405E 00
. 98 SC 48 0.26767E 00 ND 151 0.71175E-01 SB 125 0.57815€ 00
99 SM 153 0.25273E 00 BE 7 0.70080E-01 U 239 0.56473E 00
= 100 SR 90 0.24333E 00 BR_83 0.62050E-01 ND 147 0.55985E 00
101 IN 115 0.24333E 00 PB 210 0.57183E-01 SR 92 0.53533E 00
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102 NA 22 0.23482E 00 w 181 0.56700E-01 RH 107 0.52803E 00
103 CD 113M 0.22752E 00 KR_83M 0,50492E-01 KR 85M 0.50589E 00
104 1 131 0.22360E 00 CE 144 0.49445E~01 TE 133M 0.4866TE 00
105 €S 137 0.22012E 00 RH 103M 0.4866TE-01 BR 83 0.47207E 00
106 CE 141 0.18027E 00 1 129 0.47450E-01 81 210 0.4720TE 00
107 €S 134 0.17470E_00 RH 105 0.39177E-01 CD 118 0.46842E 00
108  XE 138 0.15208E 00 KR 85 0.37522€E-01 AG 111 0.46230E 00
106 W 185 0.15208E 00 CR_51 0.36211E-01 SM 153 0.43404E 00
110 NP 239 0.15124E 00 AG 111 0.36050€-01 SM 156 0.41610E 00
111 TC 99 0.14722E Q0 NB 93M 0.35527E-01 IN 115M 0.40364E 00
112 FE 59 0.14303E 00 SM 151 0.23117E-01 RH 105 0.40217E 00
113 ___ZR_95 0.14207€ 00 PO 112 __0.21900E-01 PD 109 0.39785E 00
114 CU 64 0.13891E 00 TL 201 0.20197€-01 PR 143 0.38203E 00
115 SN 121 0.13870E 00 PU 240 0.15208E-01 GE 78 0.37960F 00
116  XE 133 0.12167E 00 PU 239 0.96725E-02 MO 102 0.37960E 00
117 CO 60 0.11315¢ 00 FE 55 0.71783E-02 HG 203 0.37459E 00
118 S8 125 0.10107E 00 Y 90 0.68133E-02 NP 239 0.36922E 00
119 __RB 87 0.96117E-01 PU_241 0.60833E-02 C 136 0.35892E 00
120 CE 144 0.95143E-01 PU 238 0.58248E-02 TE 132 0.35527€ 00
121 CA 45 0.93683E-01 Y 91 0.44530E-02 KR_85 0.32466E 00
122 RU 163 0.83098E-01 cU 64 0.38325E-02 PB 203 0.32363E 00
123 PM 147 0.81517E-01 GE 78 0.0 CE 141 0.29847E 00
124 U 237 0.79073E-01 SE 79 0.0 TL 204 0.2B8957E 00
125 __TE_132_ ___ 0.74217E-01 SE 81 0.0 EU 155 0.28786E 00
126 CS 135 0.70567E-01 RB 87 0.0 NB 95M 0.28592E 00
127 HG 203 0.69958E-01 RB 89 0.0 XE 133M 0.28348E 00
128 PD 112 0.669176-01 RB 91 0.0 TE 127 0.27618E 00
129 PU 241 0.62780E-01 SR 89 0.0 U 237 0.26299E 00
130 C 14 0.60833E-01 SR 90 0.0 PT 195M 0.24921E 00
131§ 35 0.59860E-01 SR 92 0.0 SR_90 0.24333E 00
132 EU 155 0.55723E-01 Y 95 0.0 IN 115 0.24333E 00
133 SE 79 0.53533E-01 ZR 93 0.0 CD 113M 0.22752E 00
134 NB 95 0.53533E~01 IR 97 0.0 XE 133 0.22022E 00
135 __PB 210 0.52195E-01 MO_ 102 0.0 CS 137 0.22012€ 00
136 1 129 0.4866TE~01 TC 99 0.0 TE 131M 0.21535€ 00
137___SM_151 0.231176-01 TC 102 0.0 XE 131M 0.19832E 00
138 IN 115M 0.20513E-01 RU 106 0.0 TC 99M 0.17T155E 00
139 7R 93 0.19467E-01 RH 107 0.0 RH 105M 0.15817E 00
140  PD 107 0.12167E-01 RH 106 0.0 XE 138 0.15208E 00
141 _RU 106 0.10950E-01 PD 107 0.0 W 185 0.15208E 00
142 H 3 0.66917E-02 PD 109 0.0 TC 99 0.14722E 00
143 __ AU 196 0.52195E=02 PD_111 0.0 CE 144 0.14459E 00
144 IN 65 0.20063E-02 AG 113 0.0 CU 64 0.14274E 00
145 KR 83M 0.0 CO_113M 0.0 SN 121 0.13870E 00
146 Y 91M 0.0 CD 118 0.0 TE 125M 0.13383E 00
147 __NB _93M 0.0 IN 115 0.0 TE 129M 0.12897€ 00
148 NB 95M 0.0 IN 118 0.0 PB 210 0.1093BE 00
149 ___NB_97M 0.0 IN._ 119 0.0 TE 127M 0.10767E 00
150 TC 99M 0.0 SN 121 0.0 AG 109M 0.10707E 00
151  RH_103W 0.0 SN 126 0.0 RB 87 0.96117E-01
152 RH 105M 0.0 SN 127 0.0 1 129 0.96117€-01
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153 AG 109M 0.0 S8 128 0.0 CA 45 0.93683E-01
154 CO 117M 0.0 SB 129 0.0 PD 11z 0.88817E-01
155 TE 125M 0.0 SB 131 0.0 PM 147 0.81517E~01
156 TE 127M 0.0 TE 127 0.0 €S 135 0.70567€-01
157 TE 129M 0.0 TE 134 0.0 BE 7 0.70080E~-01
158 TE 131M 0.0 XE 138 0.0 PyY 241 0.68863E-01
159 TE 133M 0.0 CS 135 0.0 C 14 0.60833E~01
160 XE 131M 0.0 CS 137 0.0 S 35 0.59860E-01
161 XE 133M 0.0 BA 141 0.0 W 181 0.56700E-01
162 XE 135M 0.0 LA 143 0.0 SE 79 0.53533E-01
163 BA 137M 0.0 PR 143 0.0 KR 83M 0.50492E-01
164 BE 7 0.0 PR 145 0.0 RH 103M 0.48667E-01
165 FE 55 0.0 ND 149 0.0 SM 151 0.46233E-01
166 MN 54 0.0 PM 147 0.0 CR 51 0.36211E-01
167 W 181 0.0 SM 156 0.0 NB 93M 0.35527E-01
168 PB 203 0.0 H 3 0.0 TL 201 0.20197E-01
169 PT 195M 0.0 C 14 0.0 ZR 93 0.19467E-01
170 Py 238 0.0 P 32 0.0 PY 2490 0.15208E-01
171 81 207 0.0 S 35 0.0 PD 107 0.12167E~01
172 TL 201 0.0 C 136 0.0 RU 106 0.10950E-01
173 PU 239 0.0 CA 45 0.0 PU 239 0.96725E-02
174 PU 240 0.0 W 185 0.0 FE S5 0.71783E-02
175 PB 204M 0.0 TL 204 0.0 H 3 0.66917TE-02
176 CR 51 0.0 BI 210 0.0 PU 238 0.58248E-02
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APPENDIX V

LISTING OF RADIONUCLIDES FOR DOSE RATES ABOVE GROUND SURFACE CONTAMINTED

INTTTALLY WITH 1 MICROCURIE PER SO CM

CISTANCE= C.7600C0E 02
TIME C.TAU ©
BETA_DOSE GAMMA DOSE TOTAL DOSE

NO. NUCL1DE REMS/HR NUCLTDE REMS/HR NUCLIDE REMS/HR
1Y 94 0.43197E 01 NA_24 0.61992E_00 Y 94 0.45504E 01
2  SB 128 0.41843E 01 SC 48 0.58642E 00 RB B8 0.41891E 01
3_SB 131 0.41496E 01 €0 60 0.42319E 00 SB 128 0.41843E 01
4 RB 89 0.41391E 01 PB 204M 0.37B60E 00 S8 131 0.41496E 01
5 SN_127 0.41133E 01 I 132 0.36462E 00 RB 89 0.41391€ 01
6 RB 88 0.40930E Ol SE 83 0.36289E 00 SN 127 0.41133E 01
7. SB 129 C.40091E 01 __ LA 140 _ 0.34953E 00 CS 138 0.40631E 01
8 Y 95 0.38823E 0Ol cS 138 0.34170E 00 S8 129 0.40091E 01
9  TE 134 0.38699E 01 BI 207 0.30762E_00 Y 95 0.38823E 01
10 CS 138 0.37214E 01 MN 56 0.30153E 00 TE 134 0.38699E 01
11 TC 102 0.36993E 01l €S 134 0.28748E 00 TC 102 0.36993E 01
12 K 42 0.36358E 01 I 135 0.24343E 00 K 42 0.36848E 01
13 __RB 91 0.35586E_01 BR 84 0.24293E 00 BR 84 0.36235E 01
14 Y 92 0.35259E 01 TE 133 0.23814E 00 Y 92 0.35988E 01
15 RH 106 0.35135E 01 S8 126 0.23805E Q0 RH 106 0.35591E 01
16 LA 143 0.34923E Ol Y 94 0.23064E 00 RB 91 0.35586E 01
17__BR 84 0.33806E 01 BA_ 139 0.21996E 00 LA 143 0.34923E 01
18 BA 141 0.33635E 01 NA 22 0.21907E 00 Y 93 0.34748E 01
19 ___IN_119 0.33476E Ol 1,134 0.20884E_00 KR 87 0.34723E 01
20 Y 93 0.33442E 01 FE 59 0.20633E 00 PR 146 0.34516E 01
21 PR 144 0.33344E 01 KR_88 0.20533E 00 AS 78 0.34345€ 01
22 AG 112 0.33094E 01 TE 129 0.20150E 00 AG 112 0.34197E 01
23 KR 87 0.32952E 01 PR 146 0.19752E 00 BA 141 0.33635€ 01
24 AS 78 0.32555€ Ol EU 156 0.18143E 00 IN 119 0.33476E 01
25 PR 146 0.32541E 01 AS 78 0.17896F 00 PR 144 0.33475€ 01
26 SN 126 0.32097E 01 KR 87 0.17717€ 00 LA 142 0.32729E 01
27 LA 142 0.31501E 01 MN 54 0.15364E 00 SN 126 0.32097E 01
28 RH 109 0.31188E 01 SR 91 0.15335€ 00 RH 109 0.31188E O1
29 LA 141 0.29913E_01 MO 101 0.15159E 00 LA 141 0.30034E 01
30 SN 125 0.29172E 01 co 117 0.14558E 00 SN 125 0.29318E 01
31 Y 90 0.29111E 01 €O 117M 0.14526E 00 Y 90 0.29120E 01
32 PD 111 0.28866E 01 NB 95 0.13B63E 00 PD 111 0.28866E 01
33 7R 97 0.26845E 01 NB 9T7M 0.13863E 00 MN 56 0.27633E 01
34 ND 151 0.25706E 01 RU 10°€ 0.13509E 00 8A 139 6.27019E 01
35 __P 32 0.25319€ 01 S8 127 0.13398E 00 IR 97 0.26845E 01
36 BA 139 0.24820E 01 IN 117 0.13177€ 00 TE 129 0.26644E 01
37 __ TE_129 0.24629E 01 IR 95 0.13110€ 00 1 134 0.25740€ 01
38 MN 56 0.24618E 01 Y 93 0.13061E 00 ND 151 0.25706E 01
39 SM 155 0.24199¢ 01 W 187 0.12895E 00 P 32 0.25319€ 01
40  AG 113 0.24021E 01 NB 97 0.12541E 00 SM 155 0.24796F 01
41 1 134 0.23651E_01 IN_65 0.12398E 00 NA 24 0.24094E 01
42 PR 145 0.22876E 01 BA 137M 0.12386E 00 AG 113 0.24021E 01
43 TE_131 0.22325E 01 LA 142 0.12274E 00 TE 131 0.23164E 01
44 Y 91 0.21815E 01 AG 112 0.11032E 0C PR 145 0.22876E O1
45 _ EU 152 0.20655E 01 I 133 0.10370E 00 TE 133 0.21875€ 01
46 IN 118 0.20333E 01 Y 91M 0.10360E 00 Y 91 0.21821E 01
47 ND_149 0.19572E 01 XE 135M 0.97696E-01 LA 140 0.21392E 01
48 TE 133 0.19494E 01 I 131 0.96491E-01 EU 152 0.21003E 01
49 IN 117M 0.18517€ 01 RA 88 0.96146E-01 IN 118 0.20333E 01
50 SR 91 0.18359E 01 AU 196 0.93540E-01 SR 91 0.19893E Ot

4
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51 MO 101 0.17977E Ol RU 103 0.88953E-01 ND 149 0.19572E 01
52 LA 140 0.17897E 01 TE 131 0.83853E-01 MO 101 0.19493F 01
53 NA 24 0.17895E 01 AU 198 0.78365E£-01 IN 117M 0.18847E 01
54 SR 89 0.17822E O1 TE 133M 0.74951E-01 I 132 0.17890E 01
55 SE 81 0.16730E 01 Y 92 0.72949E-01 SR 89 0.17822E 01
56 1 133 0.15431F 01 S8 125 0.67263E-01 SE 81 0.16790E 01
57 NB 97 0.14360E 01 CE 143 0.60908E-01 1 133 0.16468E 01
58 1 132 Go14244F 01 SM 155 0.59714E-01 SE 83 0.15757E 01
59 SN 123 0.13797E 01 BA 140 0.58955E-01 NB 97 0.15615E 01
60 TC 101 0.12917€ 01 IN 115M 0.,57904E-01 EU 156 0.14204E 01
61 RH 107 0.12887E 01 TC 101 0.54517E-01 SB 127 0.14078E 01
62 SB 127 0.12738E 0Ol PM 149 0.51700E-01 SN 123 0.14044E 01
63 SR 92 0.12568E 01 KR 83M 0.51381E-01 TC 101 0.13462E 01
64 EU 156 0.12389E 01 K 42 0.49009E-01 RU 105 0.13175E 01
65 SE 83 0.12128E 01 XE 135 0.48054E-01 RH 107 0.12887E 01
66 U 239 0.11913E 01 NP 236 0.46139E-01 SR 92 0.12568E 01
67 RU 105 0.11824E 01 PM 151 0.45851E-01 U 239 0.12068E 01
68 MO 99 0.11778E 01 RH 106 0.45679E-01 MO 99 0.11964E 01
69 BI 210 0.11314E 01 HG 203 0.45195E~01 BI 210 0.11314E 01
70 CD 118 0.10556E Q1 CE 146 0.43552E-01 S8 126 0.10979E 01
71 PM 151 0.10457€ Cl ND 147 0.42340€E-01 PM 151 0.10915E 01
72 CE 143 0.97897E 00 NB 95M 0.41445E-01 CD 118 0.10556E 01
73 PM 149 0.94112E 00 PB 203 0.41197€E-01 CE 143 0.10399E 01
T4 AG 111 0.88455E 0O XE 133M 0.41092E-01 I 135 0.10106E 01
75 SB 126 0.85986E 00 TE 132 0.40739E-01 cD 117 0.99798E 00
76 CD 117 0.85240E 00 PT 195M 0.38744E-01 PM 149 0.99282E 00
17 KR 88 0.78529E Q0 U 237 0.34863E-01 KR 88 0.99061E 00
18 PD 109 0.76916E 00 EU 152 0.34771E-01 AG 111 0.89004E 00
79 1 135 0.76716E 0O IN 117M 0.32923E£-01 AU 198 0.83166E 00
80 BR 83 0. 76667E 00 PD 112 0.31728E-01 SC 48 0.78333E 00
81 AU 168 0.75330E 00 KR 85M 0.30116£~-01 BR 83 0.78049€ 0O
82 SM 156 0.72408E 00 TE 131M 0.29160E-01 PD 109 0.76916E 00
83 PR 143 0.70479E 00 XE 131M 0.26452E-01 SM 156 0.72408E 00
84 MO 102 0.68573E 00 SM 153 0.25305E-01 PR 143 0.70479E 00
85 GE 78 0.66C57E 00 SN 123 0.24651E-01 XE 135 0.69949E 00
86 XE 135 0.65143E 00 TC 99M 0.22013E-01 MO 102 0.68573E 00
87 RH 105 0.59451E 00 NB 93M 0.21319E-01 W 187 0.67130E 00
88 BA 140 0.547T76E Q0 RH 105M 0.19998E-01 GE 178 0.66057E 00
89 W 187 0.54236E 00 MO 99 0.18645E-Q1 BA 140 0.60672E 00
90 KR 85M 0.43087€ 00 TE 125M 0.16631E-01 RH 105 0.60043E 00
91 C 136 0.36210E 00 RH 103M 0.16410E-01 IN 117 0.46152E 00
92 TL 204 0.35477E_00 TE 129M 0.16026E-01 KR 85M 0.46099E 00
93 IN 117 0.32975E 00 I 129 0.15963E-01 Co 60 0.42339E 00
94 ND 147 0.32297E Q0 U 239 0.15506E-01 CS 134 0.41462E 00
95 KR BS5 C.26626E 00 CE 141 0.15487E-01 PB 204M 0.37860E 0OC
96 TE 127 0.26203E 0O SN 125 0.14661E-01 ND 147 0.36531E 00
97 CE 146 0.25973E 00 PB 210 0.14629E~-01 ¢ 136 0.36210E 00
98 SM 153 0.23865E 00 TE 127M 0.14037€E-01 TL 204 0.35477E 00
99 SR 90 0.22421E OC AG 109M 0.13958E-01 B1 207 0.30762E 00
100 PM 147 0.22337E 00 BR 83 0.13818E-01 CE 146 0.30328E 00
101 SC 48 0.19691E 00 XE 133 0.13401E~01 NA 22 0.29711E 00
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102 IN 115 0.15882E 00 PR 144 0.13146E-01 KR 85 0.27206E 00
103 ¢S 137 0.14387E_00 LA 141 0.12084E-01 SM 153 0.26395E 00
104 CS 134 0.12714E 060 BE 7 0.10879E-01 TE 127 0.26203E 00
105 1 131 0.12065E 00 PU 238 0.95730E-02 SR 90 0.22421€ 00
106 CD 113M 0.11253¢t 00 CE 144 0.84126E-02 PM 147 0.22337E 00
107___NA 22 0.78046E-01 CU 64 0.81389E-02 FE 59 0.22315E 00
108 CU 64 0.74117E-01 W 181 0.7148TE-02 I 131 0.21714E 00
109 __CE 141 0.41614E-01 SM 151 0.61634E-02 IN 115 0.15882E 00
110 IN 115M 0.30493E-01 RH 105 0.59160E~02 MN 54 0.15364E 00
111 NP 239 0.28697E-01 KR 85 0.57986E-02 CD 117M 0.14526E 00
112 sB 125 0.206756-01 AG 111 0.54911E-02 €S 137 0.14387€ 00
113 ___FE 59 0.16819E-01 CR_51. _0.54695E-02 ZR 95 0.14077E 00 _
114 RU 103 0.12926E-01 PU 240 0.34942E-02 NB 95 0.13863E 00
115 IR 95 0.96713E-02 TL 201 0.26939E-02 NB 97M 0.13863F 00
116 W 185 0.88413E-02 FE 55 0.234296-02 IN 65 0.12399E 00
117 SN 121 0.28829E-02 PU 239 0.20309E-02 BA 137M 0.12386E 00
118 XE 133 0.77752E-03 Y 90 0.92257E-03 €D 113M 0.11253E 00
119 €0 6C 0.20208E-03 PU 241 0.75597E-03 Y 91M 0.10360E 00
120 XE 138 0.14971E~03 Y 91 0.63049E-03 RU 103 0.10188E 00
121 IC 99 0.7437BE-04 GE 78 0.0 XE 135M 0.97696E~01
122 CE 144 0.64853E-C4 SE 79 0.0 AU 196 0.93541E-01
123 RB 87 0.18726E-04 SE 81 0.0 __ IN 115M 0.88397€-01
124 IN 65 0.58603E-05 RB 87 0.0 S8 125 0.8793BE-01
125 ___CA 45 0.43114E-05 RB_89 0.0 CU_64 0.82256€-01
126 U 237 0.17990E-05 RB 91 0.0 TE 133M 0.74951E-01
127 EU_155 0.45084E-06 SR 89 0.0 NP 239 0.74836E-01
128 AU 196 0.30787E-06 SR 90 0.0 CE 141 0.57101€-01
129 Y& 132 0.77993E~07 SR 92 0.0 KR 83M 0.51381E-01
130 HG 203 0.24404E-07 Y 95 0.0 HG 203 0.45195E-01
131 CS 135 0.18324E-07 IR 93 0.0 NB 95M 0.41445E-01
132 pD 112 0.34773E-08 IR 97 0.0 PB 203 0.41197E-01
133§ 35 0.12418E-11 MO 102 0.0 XE_133M 0.41092E-01
134 SE 79 0.11928E-12 1C 99 0.0 TE 132 0.40739E-01
135 ___NB_95 0.11928E-12 TC 102 0.0 PT 195M 0.38744E-01
136 C 14 0.32852E-13 RU 106 0.0 U 237 0.348656-01
1371 129 0.24991E-14 _ _ RH 107 0.0 PD 112 _ 0.31728E-01
138 SM 151 0.12246E-63 RH 109 0.0 TE 131M 0.29160E-01
139 KR #3M 0.0 PO 107 0.9 XE 131M 0.264526-01
140 Y SIM 0.0 PD 109 0.0 TC 99M C.22013E-01
141 2R 93 0.0 PD 111 0.0 NB 93M 0.21319E-01
142 NB 93M 0.0 AG 113 0.0 RH 10SM 0.19998E-01
143 NB_95M 0.0 CD_113M 0.0 TE 125M 0.16631E-01
144 NB 9TM 0.0 CD 118 0.0 RH 10 3M 0.16410€-01
145 _ TC 99M 0.0 IN 115 0.0 TE 129M 0.16026E-01
146 RU 106 0.0 IN 118 0.0 I 129 0.15963E-01
147 __RH 103M 0.0 IN 119 0.0 PB 210 0.14629E~01
148 RH 105M 0.0 SN 121 0.0 XE 133 0.14179€E-01
149 PD 107 0.0 SN 126 0.0 TE 127M 0.14037€-01
150 AG 109M 0.0 SN 127 0.0 AG 109M 0.13958E-01
151 __CD 117M 0.0 SB 128 0.0 BE 7 0.10879E-01
152 TE 125M 0.0 S8 129 0.0 PU 238 0.95730E-02
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TE 127M 0.0 SB 131 0.0 W 185 0.88413E-02
TE 129M 0.0 TE 127 0.0 CE 144 0.84774E-02
TE 131M 0.0 TE 134 0.0 W i81 0.71487E~-02
TE 133M 0.0 XE 138 0.0 SM 151 0.61634E-02
XE 131M c.C CS 135 0.0 CR 51 0.54695E-02
XE _133M 0.0 CSs 137 0.0 PU 240 0.34942E-02
XE 135M 0.0 BA 141 0.0 SN 121 0.28829E-02
BA _137HM 0.0 LA 143 0.0 TL 201 0.26939E-02
H 3 0.0 PR 143 0.0 FE 55 0.23429E-02
BE 7 0.0 PR 145 0.0 PU 239 0.20309E-02
FE 55 0.0 ND 149 0.0 PU 241 0.75597€E-03
MN 54 0.0 ND 151 0.0 XE 138 0.14971E-03
W 181 0.0 PM 147 0.0 TC 99 0.74378E-04
P8 203 0.0 SM 156 0.0 RB BT 0.18726E-04
PT 165M 0.0 EU 155 0.0 CA 45 0.43114E-05
PU 238 0.0 H 3 0.0 EU 155 0.45084E-06
BI 207 0.0 C 14 0.0 CS 135 0.18324E-07
TL 201 C.0 P 32 0.0 S 35 0.12418E-11
PU 239 0.0 S 35 0.0 SE 79 0.11928E-12
PU 240 0.0 C 136 0.0 C 14 0.32852€E~-13
PU 241 0.0 CA 45 0.0 IR 93 0.0

PB 210 0.0 W 185 0.0 RU 106 0.0

PB 204M 0.0 TL 204 0.0 PD 107 0.0

CR 51 0.0 BI 21¢ 0.0 H 3 0.0
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LISTING OF RADIONUCLIDES FOR ACCUMULATED SUBMERSION DOSE IN WATER CONTATINING

INTTIALLY 1 MICROCURIE PER GRAM

TIME 2600,
BETA DOSE GAMMA DOSE TOTAL DOSE
_NO. NUGL IDE REMS NUCLIDE REMS NUCL IDE REMS

1 C 136 0.13742E 06 BI 207 0.36531E 06 81 207 0.36531€ 06
2__.T1C 99 0.56362E 05 CO_60 0.35085E 06 CO 60 0.35740F 06

3 SR 90 0.53521E 05 Cs 134 0.97608€ 05 C 136 0.13742E 06
4 CS 137 0.47162E 05 NA_ 22 0.90525E 05 CS 134 0.10208E 06
5 KR 85 0.31546E 05 I 129 0.36591€ 05 NA 22 0.97245E 05
6 __CS 135 0.26970E QS SB 125 0.28546E 05 TC 99 0.56362E 05
7 C 14 0.23224E 05 P8 210 0.22072E 05 I 129 0.55355E 05

8____SE_19 0.20496E 05 MN 54 0.18035E 05 SR 90 0.53521F 05
9 1 129 0.18764E 05 SM 151 0.14780E 05 €S 137 0.47162€ 05
10 CD 113M 0.12871F 05 PU 240 0.11617E 05 KR 85 0.39791E 05
11 TL 204 0.12178E 05 IN 65 0.10562E 05 PB 210 0.32145E 05
12 _pB_210 0.10073E 05 EU 155 0.87649E 04 SB 125 0.31570E_05
13 PU 241 0.84925E 04 KR 85 0.8244BE 04 CS 135 0.26970E 05
14 IR 93 0.74496E 04 PU 239 0.74027E 04 C 14 0.23224E 05
15 SM 151 0.73901E 04 FE 59 0.38812E 04 SM 151 0.22170E 05
16 NA 22 0.67197E 04 PU 238 0.36779E 04 SE 79 0.20496E 05
17 CO 60 0.65520E 04 NB 93M 0.33014E 04 MN 54 0.18035€E 05
18___PD 107 0.46571E 04 ZR 95 0.32787E 04 CO 113M 0.12871E 05
19 CS 134 0.44690E 04 NB 95 0.19279E 04 TL 204 0.12178E 05
20.__SB 125 0.30237E 04 PU_241 0.16458E 04 PU_ 240 0.11617€ 05
21 PM 147 0.23465E 04 RU 103 0.14304E 04 IN 65 0.10577E 05
22 Y 91 0.12882F 04 EU 156 0.13649E 04 PU 241 0.10138E 05
23 SR 89 0.11011E 04 CE 144 0.87257F 03 EU 155 0.98168E 04
24 EUY 155 0.10520E 04 HG 203 0.86769E 03 IR 93 0.74496E 04
25 H 3 0.85195€ 03 TE 127M 0.59461E 03 PU 239 0.74027E 04
26 CE 144 0.83951E 03 W 181 0.50030EF 03 PD 107 0.46571E 04
27 CA 45 0.46944E 03 TE 125M 0.47236E 03 FE 59 0.40737E 04
28 P 32 0.37037E€ 03 FE 55 0.46804E 03 PU 238 0.36779E 04
29 W 185 0.34941E 03 SC 48 0.45699E 03 ZR 95 0.35511FE 04
30 SN 125 0.31490E 03 1131 0.30981E 03 NB 93M 0.33014E 04
31 ZR 95 0.27243E 03 LA 140 0.26116E 03 PM 147 0.23465E 04
32 EU 156 0.26615E 03 TE 129M 0.25850F 03 NB 95 0.19848E 04
33 FE 59 0.19244E 03 CE 141 0.22936E 03 CE 144 0.17121E 04
34 CE 141 0.17491E 03 BE 7 0.22756E 03 EU 156 0.16311E 04
35 S 35 0.16162E 03 AU 196 0.22612E 03 RU 103 0.15336E 04
36 _PR 143 0.15904E 03 BA 140 0.22494E 03 Y 91 0.13040E 04
37  BA 140 0.12731E 03 S8 127 0.20612€ 03 SR 89 0.11011E 04
38 __RU_106 0.12121€ 03 ND 147 0.19689E 03 HG 203 0.96733E 03
39 RU 103 0.10325E 03 NA 24 0.19083€ 03 H 3 0.85195E 03
40 HG 203 0.99632E C2 XE_131M 0.14460E 03 TE 127M 0.59461F€ 03
41  AG 111 0.97929E 02 AU 198 0.83535E 02 W 181 0.50030F 03
42 ND 147 0.93584E 02 U 237 0.75277E 02 TE 125M 0.47236E 03
43 Y 90 0.86503E 02 SN 125 0.65998E 02 SC 48 0.47190E 03
44 __BI 210 0.71406E 02 NB_ 95M 0.65074E 02 CA 45 0.46944E 03
45  SB 127 0.61406E 02 PT 195M 0.61930E 02 FE 55 0.46804E 03
46 NB 95 0.56930E 02 CR 51 0.61453E 02 CE 141 0.40427E 03
47 1 131 0.54673E 02 TE 132 0.54756€ 02 SN 125 0-38089€ 03
48 MO 99 0.41958E 02 W 187 0.50984E 02 P 32 0.37037€ 03
49 LA 140 0.33817€ 02 PM 149 0.47441E 02 1 131 0.36448E 03
S0 AU 198 0.31981E 02 PB 203 0.42718E 02 BA 140 0.35225€ 03
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51 PM 149 0.29713E 02 XE 133M 0.39563E 02 W 185 0.34941E 03

: 52 K 42 0.26384E 02 SB 126 0.35999E 02 LA 140 0.29497E 03
53 IR 97 0.19928E 02 I 133 0.35536E 02 ND 147 0.29047€ 03

54 XE 133 0.19493E 02 CE 143 0.32911E 02 S8 127 0.26753E 03

55 Y 93 0.18576E 02 XE 133 0.31579E 02 TE 129M 0.25850€ 03

56 CE 143 0.18286E Q2 I 135 0.31475E 02 BE 7 0.22756E 03

57 RH 105 0.16774E 02 NP 238 0.31044E 02 AU 196 0.22709E 03

58 y 237 0.16182F 02 SR 91 0.25188E 02 NA 24 0.20380F 03

59 PM 151 0.16000E 02 MO 99 0.24609E 02 S 35 0.16162E 03

60 I 133 0.15712€ 02 PM 151 0.21854E 02 PR 143 0.15904E 03

61 IN 65 0.15034E 02 SM 153 0.21540€ 02 XE 131M 0.14460E 03

62 SM 153 0.15011E 02 Y 93 0.21493E 02 RU 106 0.12121E 03

63 SC 48 0.14917E 02 AG 111 0.16565E 02 AU 198 0.11552€ 03

64 S8 129 0.12963E 02 Y 91 0.15717E 02 AG 111 0.11449E 03

65 NA 24 0.12963E 02 I 132 0.14822E 02 uU-237 0.91459E 02

66 NP 239 0.10769E 02 K 42 0.11546E 02 Y 90 0.87616E 02

\ 67 W 187 0.10167E 02 KR 88 0.11067€ 02 PM 149 0.77154E 02
® 68 SR 91 0.91949E 01 RU 105 0.10052E 02 81 210 0.71406E 02

69 EU 152 0.83335E 01 XE 135 0.75183E 01 MO 99 0.6656TE 02

70 Y 92 0.76162E 01 PB 204M 0.71402E 01 NB 95M 0.65074E 02

s 71 TE 132 0.72296E 01 CD 117M 0.70292€ 01 TE 132 0.61985E 02
} * 72 PD_109 0.68232E 01 AG 112 0.64378E 01 PT 195M 0.61930E 02
73 AG 112 0.64609E 01 EU 152 0.63857E 01 CR 51 0.61453E 02

T4 PR 145 0.58336E 01 BA 139 0.58715E 01 W 187 0.61151E 02

75 AG 113 0.56321E Ol Y 92 0.47197E 01 1 133 0.51249E 02

- 76 LA 141 0.53593E 01 AS 78 0.47189E 01 CE 143 0.51196E 02

B 77 SM 156 0.52504E 01 KR 87 0.46046E 01 XE 133 0.51072E 02

} 78 SN 127 0.48380FE 01 IN 115M 0.43600E 01 PB 203 0.42718E 02
; 79 SN 121 0.48254E 01 TE 129 0.40741E 01 NP 239 0.41814E 02
80 SB 126 0.47906E 01 TL 201 0.36705€ 01 S8 126 0.40789E 02

81 XE 135 0.43363E 01 RH 105 0.36208E 01 Y 93 0.40069E 02

82 SB 128 0.41312E 01 I 134 0.34101€ 01 XE 133M 0.39563E 02

83 I 135 0.32839E 01 €S 138 0.32972€ 0Ol K 42 0.37930E 02

84 TE 127 0.32492E 01 SE 83 0.26659E 01 PM 151 0.37854E 02

85 AS 78 0.29210E 01 TC 99M 0.26193E 01 SM 153 0.36551E 02

86 RU 105 0.28453E 01 LA 142 0.24843E 01 I 135 0.34759E 02

87 KR 87 0.26106E 01 N8 97 0.24630E 01 SR 91 0.34383E 02

88 CU 64 0.22703E Ol IN 117 0.24584E 01 RH 105 0.20395E 02

89 LA 142 0.18993E 01 KR 85M 0.24268E 01 IR 97 0.19928E 02

90 SR 92 0.18285E 01 BR 84 0.23208E 01 I 132 0.16555E 02

91 TE 134 0.18251€ 01 CD 117 0.22100E 01 EU 152 0.14719E 02

92 PD 112 0.17771E 01 TE 131M 0.16338E 01 S8 129 0.12963E 02

93 1 132 0.17324E 01 Y 91M 0.14448E 01 AG 112 0.12899€ 02

94 BA 139 0.16852E 01 MN 56 0.143390E 01 RU 105 0.12897E 02

95 KR 88 0.16784E O1 PR 146 0.13990€ 01 KR 88 0.12745€E 02

* 96 ND 149 0.16615E 01 TE 133M 0.12953E 01 Y 92 0.12336E 02

97 KR 85M 0.15802£ 01 Y 94 0.11852E 01 XE 135 0.11855E 02

- 98 IN 117M 0.15059E 01 PD 112 0.11632E 01 AS 78 0.76399E 01
99 RH 109 0.14845E 01 IN 117M 0.11382E 01 BA 139 0.75567E 01

» 100 SN 126 0.13211F 01 Y 90 0.11136F 01 KR 87 0.72152E 01
101 TE 129 0.12722€ 01 LA 141 0.85470E 00 PB 204M 0.71402E 01
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102 SB 131 0.12552E 01 MO 101 0.64653E 00 €D 117M 0.70292E 01
103 BR 83 0.12450E 01 TE 131 0.60404E 00 PD 109 0.68232€ 01
104 CS 138 0.10917E 01 RB 88 0.55004E 00 LA 141 0.62140E O1
105 ___BR_84 0.10475E 01 SM 155 0.42363E 00 PR 145 0.58336E 01
106 Y 94 0.10201F O1 XE 135M 0.41642E 00 AG 113 0.56321E 01
107 AU 196 0.97031E 00 BR 83 _0.37684E 00 TE 129 0.53463E_ 01
108 RB 88 0.96107E 00 SN 123 0.31050E 00 SM 156 0.52504E 01
109 I 134 0.93225E 00 KR 83N 0.24349E 00 SN 127 0.48380E 01
110 NB 97 0.86667E 00 TC 101 0.21549E 00 SN 121 0.48254E 01
111 RB 89 0.78222E 00 CE 146 0.18187E 00 IN 115M 0.44767E 01
112 PR 146 0.78022E 00 TE 133 0.13328E 00 €S 138 0.43890F 01
113 GE 78 0.68988E 00 CU 64 0.12528E 00 LA 142 0.43837E 01
114 LA 143 0.60916E 00 RH 103M 0.11076E 00 1 134 0.43424E 01
115 PR 144 0.52797E 00 BA 137M 0.88221E-01 $B 128 0.41312E 01
116 BA 141 0.52613E 00 U 239 0.78803E-01 KR 85M 0.4007LE Ol
117 __IN 119 0.49832E 00 PR 144 0.71156E-01 TL 201 0.36705E 01
118 PD 111 0.47915E 00 ND 151 0.45022E-01 BR 84 0.33683E 01
119 ¢p 117 0.45543E_00 NB 97M 0.38161E-01 NB 97 0.33296E 01
120 SN 123 0.45764E 00 RH 106 0.63237E~02 TE 127 0.32492E 01
121 RB 91 0.45252E Q0 RH 105M 0.50024E-02 SE 83 0.29653E 01
122 Y 95 0.42559E 00 AG 109M 0.29462E-02 PD 112 0.29403E 01
123 TE_ 131 0.41955E 00 GE 78 -0.0 IN 117 0.28681E 01
124 IN 117 0.40S74E 00 SE 79 -0.0 cob 117 0.26695E 01
125 SM 155 0.40733E 00 SE 81 __=0.0 IN 117M 0.26442E 01
126 MN 56 0.34705E 00 RB 87 -0.0 TC 99M 0.26193E 01
127 SE 83 0.29937E 00 RB B89 -0.0 CU 64 0.23956E 01
128 Ch 118 0.29630E 00 R8 91 0.0 Y 94 0.22053E 01
129 RH 107 0.29159E 00 SR_89 ~0.0 PR 146 0.21793E 01
130 ND 151 0.28090E 00 SR 90 0.0 SR 92 0.18285€ O1
131U 239 0.24127E 00 SR 92 -0.0 TE 134 0.18251E 01
132 SE 81 0.22963E 00 Y 95 -0.0 MN 56 0.17861E O1
133 MO 101 0.21389E 00 IR 93 0.0 ND 149 0.16615E 01
134 T1C i0l 0.15623E 00 IR 97 0.0 TE 131M 0.16338E 01
135 __IN 115M  0.11672E 00 MO 102 =0.0 BR 83 0.16219E 01
136 MO 102 0.95996E-01 TC 99 0.0 RB 88 0.15111€ 01
137 CE 146 0.80225E-0%1 1C_102 -0.0 RH 109 0.14845E 01
138 IN 118 0.64678E-01 RU 106 Z0.0 Y 91M 0.14448E O1
139 XE 138 0.54546E-01 RH 107 -0.0 SN 126 0.13211E 01
140 TE 133 0.31624E-01 RH 10S 0.0 TE 133M 0.12953E€ 01
141 _RH 106 0.17174E-01 PD 107 -0.0 S8 131 0.12552€ 01
142 TC 102 0.14975E~01 PD 109 0.0 TE 131 0.10236€ 01
143 KR _83M -0.0 PD 111 -0.0 MO 101 0.86042E 00
144 RB 87 -0.0 AG 113 0.0 SM 155 0.83096F 00
145 Y 91M -0.0 CO 113M -0.0 RB 89 0.78222E_00
146 NB 93M 0.0 CD 118 0.0 SN 123 0.76814E 00
147 _NB_95M -0.0 IN 115 -0.0 GE 78 0.68988F 00
148 NB 9TM -0.0 IN 118 -0.0 LA 143 0.60916E 00
149 _TC_99M -0. IN 119 -0.0 PR 144 0.59913E 00
150 RH 103M -0.0 SN 121 ~0.0 BA 141 0.52613EF 00
151 _RH 105M -0.0 SN 126 -0.0 IN 119 0.49832E 00
152  AG 10SM 0.0 SN 127 -0.0 PD 111 0.47915F 00
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149

153 CD 117M -0.0 SB 128 ~0.0 RB 91 0.45252E 00
154 IN 115 -0.0 SB 129 =0.0 Y 95 0.42559E 00
155 TE 125M -0.0 S8 131 -0.0 XE 135M 0.41642E 00
156 TE 127M -0.0 TE 127 -0.0 TC 101 0.37172€ 00
157 TE 129M -0.0 TE 134 -0.0 ND 151 0.32593E 00
.158 TE 131M -0.0 XE 138 -0.0 U 239 0.32007€ 0O
159 TE 133M =0.0 CS 135 -0.0 CD 118 0.29630FE 00
160 XE 131M -0.0 CS 137 -0.0 RH 107 0.29159€ 00
‘161 XE 133M -0.0 BA 141 ~-0.0 CE 146 0.26210E 00
162 XE _135M -0.0 LA 143 -0.0 KR 83M 0.24349E 00
163 BA 137M -0.0 PR 143 -0.0 SE 81 0.22963E 00
164 BE 7 -0.0 PR 145 -0.0 TE 133 0.16491E 00
165 FE 55 -0.0 ND 149 -0.0 RH 103M 0.11076E 00
166 MN 54 -0.0 PM 147 ~0.0 MO 102 0.95996E-01
167 W 181 -0.0 SM 156 -0.0 BA 137M 0.88221E-01
168 PB 203 -0.0 H 3 -0.0 IN 118 0.64678E-01
169 PT 195M -0.0 C 14 -0.0 XE 138 0.54546E-01
170 PU 238 ~-0.0 P 32 -0.0 NB 97M 0.38161E-01
171 B1 207 -0.0 S 35 -0.0 RH 106 0.23497E-01
172 TL 201 -0.0 C 136 -0.0 TC 102 0.14975E-01
173 PU 239 -0.0 CA 45 -0.0 RH 105M 0.50024E-02
174 PU 240 -0.0 W 185 -0.0 AG 109M 0.29462E-02
175 PB 204M 0.0 TL 204 -0.0 RB 87 0.0

176 CR 51 -0.0 BI 210 -0.0 IN 115 0.0
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APPENDIX VIT

LISTING OF RADIONUCLIDES FOR ACCUMULATED SUBMERSION DOSES IN AIR CONTAINING

INITIALLY 1| MICRNCURIE PER GRAM

1IME 2600.
BETA DOSE GAMMA DOSE YOTAL DOSE
__NO. NUCL IDE REMS NUCL 1DE REMS NUCL IDE REMS
1 C 136 0.15675E 06 81 207 0.20834E 06 81 207 0.20834E 06
2. 1C_99 0.64288E 05 CO 60 _ _0.20009E 06 €O 60 0.20757E 06
3 SR 90 0.61048E 05 €S 134 0.55667E 05 C 136 0.15675E 06
4 CS 137 0.53794E 05 NA 22 0.51628E 05 TC 99 0.64288E 05
5 KR 85 0.35983E 05 I 129 0.20868E 05 SR 90 0.61048E 05
6 __CS_135 G.30763F 05 SB 125 0.16280E 05 CS 134 0.60765E 05
7 C 14 0.26490E 05 PB 210 0.12588E 05 NA 22 0.59292E 05
8_ SE_79 0.23378E 05 . . MN 54 0.10286FE 05 ____CS 137 0.53794E 05
9 1 129 0.21403E 05 SM 151 0.84293E 04 1 129 0.42271E 05
10 CD 113M 0.14680E 05 PU 240 0.66256F 04 KR_85 0.40685€ 05
11 TL 204 0.13891E 05 IN 65 0.60236E 04 €S 135 0.30763E 05
12 P8 210 0.11490E 05 EU 155 __  0.49987E 04 C 14 0.26490E 05
13 PU 241 0.96868E 04 KR B85 0.47021E 04 PR 210 0.24078E 05
14 IR 93 0.84972E Q4 _ PU_ 239 0.42218E 04 SE 79 0.23378E 05
15 SM 151 0.84293E 04 FE 59 0.22135E 04 SB 125 0.19729€ 05
16 NA 22 0.76647E 04 PU 238 0.20976E 04 SM_151 0.16859E 05
17 CO 60 0.74733E 04 NB 93M 0.18828E 04 CO 113M 0.14680E 05
18 __ PD 107 0.53120E 04 IR 95 0.18699E 04 TL 204 0.13891E 05
19 CS 134 0.50975E 04 NB 95 0.10995E 04 PU 241 0.10625€ 05
.20 ___SB_125 0.34490E 04 PU 241 _ 0.93864E 03 MN 54 0.10286E 05
21 PM 147 0.26765E 04 RU 103 0.81577E 03 IR 93 0.84972E 04
22 Y 91 0.14694E 04 EU 156 0.77842€ 03 PU_ 240 0.66256E 04
23 SR 89 0.12559E 04 CE 144 0.49764E 03 EU 155 0.61986E 04
24 EU 155 0.11999E 04 HG 203  0.49486E 03 IN 65 0.60408E 04
25 H 3 C.97175E 03 TE 127M 0.33911E 03 PD 107 0.53120E 04
26 _CE 144 0.95756E 03 W 181 0.28533E 03 PU 239 0.42218E 04
27 CA 45 0.53546E 03 TE 125M 0.26939E 03 PM 147 0.26765E 04
28 P 32 0.42245E 03 FE_55 0.26693E 03 FE 59 0.24330E_04
29 W 185 0.39854E 03 SC 48 0.26063E 03 IR 95 0.21806E 04
,,,,,, 30 SN 125 ___ 0.35918E 03 I 131 0.17669E 03 PU 238 0.20976E 04
31 IR 95 0.31074E 03 LA 140 0.14894E 03 NB 93M 0.18R28E 04
32 EU 156 0.30358E 03 TE 129M  0.14742E 03 Y 91 0.14784E 04
33 FE 59 0.21951E 03 CE 141 0.13081E 03 CE 144 0.14552€ 04
34 CE 141 0.19951E 03 BE 7 0.12978E 03 SR 89 0.12559E 04
35 S 35 0.18434E 03 AU 196 0.12896E 03 N8 95 0.11644E 04
36 PR 143 0.18140€ 03 BA 140 0.12829€ 03 EU 156 0.10820E 04
37  BA 140 0.14521E 03 S8 127 0.11755E 03 H 3 0.97175€ 03
38 RU 106 0.13826E 03 ND 147 0.11229E 03 RU 103 0.93354E 03
39 RU 103 0.11777E 03 NA 24 0.10883E 03 HG 203 0.60850F 03
40 __HG_203 0.11364E 03 XE 131M 0.82467E 02 CA 45 0.53546E 03
41 AG 111 0.11170E 03 AU 198 0.47641LE 02 P 32 0.42245E 03
42 ND_147 0.10674E 03 U 237 0.42931E 02 W 185 0.39854E 03
43 Y 90 0.98667E 02 SN 125 0.37639E 02 SN 125 0.39682E 03
44 BI 210 0.81447E 02 NB 95M 0.37113E 02 TE 127M 0.33911F 03
45  SB 127 0.70042€E 02 PT 195M 0.35319€ 02 CE 141 0.33031E 03
46 NB 95 0.64936E 02 CR 51 0.35047E 02 W 181 0.28533E 03
47 1 131 0.62361E 02 TE 132 0.31228E 02 SC 48 0.27764E 03
48 MO 99 0.47858E_02 W 187 0.29077E 02 BA 140 0.27350F 03
49 LA 140 0.38573E 02 PM 149 0.27056E 02 TE 125M 0.26939E 03
50 AU 198 0.36479F 02 PB 203 0.24363E 02 FE 55 0.26693E 03
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x

»

51 PM 149 0.33891E 02 XE 133M 0.22563E 02 I 131 0.23905E 03

52 K 42 0.30094E 02 SB 126 0.20530E 02 ND 147 0.21903E 03

53 IR 87 0.22730E 02 I 133 0.20267E 02 SB 127 0.18759E 03

54 XE 133 0422234E 02 CE 143 0.18769E 02 LA 140 0.18751E 03

55 Y 93 0.21188E 02 XE 133 0.18010E 02 S 35 0.18434E 03

56 CE 143 0.20857€E 02 1135 0.17951E 02 PR 143 0.18140E 03

57 RH 105 0.19133E 02 NP 239 0.17705€E 02 TE 129M 0.14742€E 03

i 58 U 237 0.18458E 02 SR 91 0.14365E 02 RU 106 0.13826E 03
59 PM 151 0.18250E 02 MO 99 0.14035E 02 AU 196 0.13006E 03

60 I 133 0.17922E 02 PM 151 0.12463E 02 BE 7 0.12978E 03

61 IN 65 0.17148€ 02 SM 153 0.12284E 02 NA 24 0.12362E 03

62 SM 153 0.17122E 02 Y 93 0.12258E 02 AG 111 0.12115E 03

" 63 SC 48 0.17014E 02 AG 111 0.94470E 01 Y 90 0.99302E 02

64 SB 129 0.14786E 02 Y 91 0.89634E 01 AU 198 0.84120E 02

&5 NA 24 0.14786E 02 I 132 0.84532E 01 XE 131M 0.82467E 02

66 NP 239 0.12284E 02 K 42 0.65848E 01 BI 210 0.81447E 02

) 67 W 187 0.11597E 02 KR 88 0.63114E 0Ol MO 99 0.61893E 02
B 68 SR 91 0.10488E 02 RY 105 0.57327E 01 y_ 237 0.61389E 02
. 69 EU 152 0.95054E 01 XE 135 0.42878E 01 PM 149 0.60947E 02

: 70 Y 92 0.86872E 01 PB 204M 0.40721E 01 W 187 0.40674E 02
- 71 TE 132 0.82463E 01 CD 117M 0.40089E 01 XE 133 0.40244E 02
= 72 PD 109 0.77827E 01 AG 112 0.36716E 01 CE 143 0.39626E 02
73 AG 112 0.73695E 01 EU 152 0.36418E 01 TE 132 0.39474E 02

T4 PR 145 0.66540E 01 BA 139 0.33486€ 01 I 133 0.38189E 02

75 AG 113 0.64241E 01 Y 92 0.26917E 01 NB 95M 0.37113E 02

a 76 LA 141 0.61129E 01 AS 78 0.26912E 01 K 42 0.36679E 02
17 SM 156 0.59888E 01 KR 87 0.26261E 01 PT 195M 0.35319E 02

78 SN 127 0.55183E 01 IN 115M 0.24866E 01 CR 51 0.35047E 02

79 SN 121 0.55040E 01 TE 129 0.23235€ 01 Y 93 0.33446E 02

’ 80 SB 126 0.54643E 01 TL 201 0.20934E 01 PM 151 0.30713E 02
81 XE 135 0.49461E 01 RH 105 0.20650E 01 NP 239 0.29989E 02

82 SB 128 0.47122E 01 I 134 0.19448E 01 SM 153 0.29407E 02

83 I 135 0.37457E 01 €S 138 0.18804E 01 S8 126 0.25995E 02

84 TE 127 0.37062E 01 SE 83 0.15204E 01 SR 91 0.24853E 02

85 AS 78 0.33317E€ 01 TC 99M 0.14938E 01 PB 203 0.24363E 02

86 RU 105 0.32454E€ 01 LA 142 0.14168E 01 IR 97 0.22730E 02

87 KR 87 0.29777E 01 NB 97 0.14047E 01 XE 133M 0.22563E 02

88 CU 64 0.25896E 01 IN 117 0.14021F 01 1135 0.21696E 02

89 LA 142 0.21664E 01 KR 85M 0.13840E 01 RH 105 0.21198E 02

90 SR 92 0.20856E 01 BR 84 0.13236E 01 s8 129 0.14786E 02

91 TE 134 0.20817€ 01 CD 117 0.12604E 01 EU 152 0.13147€E 02

92 PD 112 0.20270E 01 TE 131M 0.93177E 00 Y 92 0.11379E 02

93 I 132 0.19760E 01 Y 91M 0.82397€ 00 AG 112 0.11041E 02

94 BA_139 0.19222E 01 MN_56 0.8207CE 00 1 132 0.10429€ 02

s 95 KR 88 0.19144E 01 PR 146 0.79789E 00 XE 135 0.92339€ 01
96 ND 149 0.18951E 01 TE 133M 0.73872E 00 RU 105 0.89781E 01

) 97 KR 85M 0.18025E 01 Y 94 0.67593E 00 KR 88 0.82258E 01
s 98 IN 117M 0.17177E 01 PD 112 0.66339E 00 PD 109 0.77827E 01
99 RH 109 0.16933E 01 IN 117M 0.64916E 00 PR 145 0.66540F 01

- 100 SN 126 0.15069E 01 Y S0 0.63510E 00 LA 141 0.66003E 01
101 TE 129 D0.14511E 01 LA 141 0.48745E 00 AG 113 0.64241F 01
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102 S8 131 0.14317E 01 MO 101 0.36873E 00 AS 78 0.60230E 01
103 BR 83 0.14201E 0Ol TE 131 0.34449€ 00 SM 156 0.59888E 01
104 CS 138 0.12453E 01 RB 88 0.31370E 00 KR 87 0.56038E 01
105 BR B4 0.11948E 01 SM 155 0.24160E 00 SN 127 0.55183€ 01
106 Y 94 0.11636€ 01 XE 135M 0.23749E 00 SN 121 0.55040€ 01
107 AU 196 0.11068E 01 BR 83 0.21491€ 00 BA 139 0.52708€ 01
108 RB 88 0.10962E 01 SN 123 0.17708E 00 SB 128 0.47122€ 01
109 I 134 0.10634E 01 KR 83M 0.13887E 00 PB 204M 0.40721€ 01
110 NB 97 0.98854E 00 TC 101 0.12290E 00 CO 117M 0.40089E 01
111  RB_89 0.89222E 00 CE 146 0.10372E 00 TE 129 0.37746E 01
112 PR 146 0.88993E 00 TE 133 0.76012E-01 TE 127 0.37062E 01
113 GE T8 0.78690E 00 CU_64 0.71448E-01 LA 142 0.35833E 01
114 LA 143 0.69482E 00 RH 103M 0.63171E-01 KR 85M 0.31865E Ol
115 PR 144 0.,60222E 00 BA 137M 0.50314E-01 CS 138 0.31257E 01
116 BA 141 0.60012E 00 U 239 0.44942E-01 1 134 0.30082E 01
117 IN_119 0.56839E 00 PR 144 0.40581E~-01 PD 112 0.26904E O1
118 PD 111 0.54653E 00 ND 151 0.25676E-01 CuU 64 0.26611E 01
119 €D 117 0.52403€ 00 NB 97M 0.21764E-01 IN 115M 0.26197E 01
120 SN 123 0.52199E 00 RH 106 0.36065E-02 BR 84 0.25184E 01
121 RB 91 0.51616E 00 RH 105M 0.,28529E-02 NB 97 0.23932E 01
122 Y 95 0.48544E 00 AG 109M 0.16803E-02 IN 117M 0.23669E 01
123 TE 131 0.47855€E 00 GE 78 -0.0 TL 201 0.20934E 01
124 IN 117 0.46735€E 00 SE 79 -0.0 SR 92 0.20856E 01
125 SM_155 0.46461E_00 SE 81 -0.0 TE 134 0.20817€ Ol
126 MN 56 0.39585E 00 R8 87 ~0.0 . ND 149 0.18951€ 01
127 SE 83 G.34147€ 00 RB 89 -0.0 IN 117 0.18694E O1
128 ch 118 0.33796E 00 RB 91 -0.0 SE 83 0.18619E 01
129 RH 1C7 0.33268E 00 SR 89 -0.0 Y 94 0.18395E 01
130 ND 151 0.32041E 00 SR 90 -0.0 Cbh 117 0.17844E 01
131 Y_239 0.27520€ 00 SR 92 -0.0 RH 109 0.16933E 01
132 SE 81 0.26192E 00 Y 95 -0.0 PR 146 0.16878E 01
133 MG 101 0.24397E 00 IR 93 -0.0 BR 83 0.16350€ 01
134 TC 101 0.17820E 00 IR 97 -0.0 SN 126 0.15069E 01
135 IN 115M 0.13313E 00 MO 102 —-0.0__ TC 99M 0.14938E 01
136 MO 102 0.10950E 0O TC 99 -0.0 S8 131 0.14317E 01
137 CE 146 0.91506E-01 IC 102 -0.0 RB 88 0.14099E 01
138 IN 118 0.73773E-01 RU 106 -0.0 MN 56 0.12166E 01
139 XE 138 0.62217E-01 RH 107 -0.0 TE 131M 0.93177€ 00
140 TE 133 0.36071E-01 RH 109 -0.0 RB 89 0.89222E 00
141 RH 106 0.19589E-01 PD 107 -0.0 Y 91M 0.82397€E 00
142 TC 102 0.17081€E-01 PD 109 ~0.0 TE 131 0.82304E 00
143 KR 83M -0.0 PD 111 -0.0 GE 78 0.78690E 00
144 RB 87 =0.0 AG 113 =0.0 TE 133M 0.73872€E 00
145 Y 91M -0.0 CD 113M -0.0 SM_155 0.70621E_00
146 NB 93M -0.0 cb 118 -0.0 SN 123 0.69907E 00
L47 NB_95M =0,.0 IN 115 -0.0 LA 143 0.69482E 00
148 NB 97M -0.0. IN 118 -0.0 PR 144 0.64280E 00
149 TC_99M -0.0 IN 119 -0.0 MO 101 0.61269E 00
150 RH 103M -0.0 SN 121 =0.0 BA 141 0.60012E 00
151 RH 105M -0.0 SN 126 -0.0 IN 119 0.56839E 00
152 AG 109M -0.0 SN 127 -0.0 PD 111 0.54653E 00

3
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153 CD li7¥ -0.0 SB 128 -0.0 RB 91 0.51616E 00
154 IN 115 -0.0 SB 129 -0.0 Y 95 0.48544E 00
155 TE 125M =0.0 S8 131 -0.0 ND 151 0.34608E 00
156  TE 127M -0.0 TE 127 ~0.0 €D 118 0.33796E 00
157 TE 129M ~0.0 TE 134 =0.0 RH 107 0.33260E 00
158 TE 131M -0.0 XE 138 -0.0 y 239 0.32014E 00
159  TE 133M ~0.0 €S 135 =0.0 TC 101 0.30109E 00
160 XE 131M 0.0 CS 137 -0.0 SE 81 0.26192E 00
161 XE 133V ~0.0 BA 141 =0.0 XE 135M 0.23749E 00
162 XE 135M -0.0 LA 143 -0.0 CE 146 0.19523E 00
163 BA 137W =0.0 PR 143 =0.0 KR 83M 0.13887E 00
164 _ BE 7 -0.0 PR 145 -0.0 TE 133 0.11208E 00
165 FE 55 -0.0 ND 149 -0.0 MO 102 0.10950E 00
166 MN 54 -0.0 PM 147 -0.0 IN 118 0.73773E-01
167 W 181 -0.0 SM 156 -0.0 RH 103M 0.63171E-01
168 P8 203 -0.0 H 3 ~0.0 XE 138 0.62217€-01
169 PT 195M -0.0 C 14 -0.0 BA 137M 0.50314E-01
170 PU 238 -0.0 P 32 -0.0 RH 106 0.23195E-01
171 BI 207 -0.0 S 35 -0.0 NB 97M 0.21764E-01
172 TL 201 -0.0 ¢ 136 ~0.0 TC 102 0.17081E-01
173 PU 239 ~0.0 CA 45 ~0.0 RH 10O5M 0.28529€-02
174 PU 240 -0.0 W 185 ~0.0 AG 109M 0.16803E-02
175 PB 204M -0.0 TL 204 0.0 RE8 87 0.0

176 CR 51 ~0.0 BI 210 -0.0 IN 115 0.0
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APPENDIX VIIT

LISTING OF RADIONUCLIDES FOR ACCUMULATED DOSES ABOVE GROUND SURFACE CONTAMINATED

INITIALLY WITH 1 MICROCURIE PER SQ CM

CISTANCE= 0.760000E 02
TIME 2600.TAU O
BETA_DOSE GAMMA DOSE TOTAL DOSE
NO. NUCL IDE REMS NUCLIDE REMS NUCLTDE REMS

1__C 136 0.15814E 06 BI 207 0.30661E 05 C 136 0.15814F 06
2 SR 90 0.56249E 05 cO 60 0.27951E 05 SR 90 0.56249E 05
3 CS 137 0.35160E_05 CS 134 0.83881E 04 CS 137 0.35160€ 05
4 KR 85 0.33367E 05 NA 22 0.71506E 04 KR 85 0.34093E 05
5 _TL_204 0.17019€ 05 1129 0.70203E_04 Bl 207 0.30661E 05
6 PM 147 0.73342E 04 PU 238 0.34473E 04 €0 60 0.27964E 05
7__CD_113M 0.72607E 04 PB 210 0.32203E_04 TL 204 0.17019€ 05
8 Y 9l 0.43911F 04 SB 125 0.22954E 04 CS 134 0.12098E 05
9 CS 134 0.37098E 04 SM 151 0.22474E 04 NA 22 0.96981E 04
10 SR 89 0.33450E 04 MN 54 0.15463E 04 PM 147 0.73342E 04
11 NA 22 0.25475€ 04 PY_240 0.15223E 04 €D 113M 0.72607E 04
12 P 32 0.12559E 04 NB 93M 0.11298E 04 1 129 0.70203F 04
13___SN 125 0.94997E 03 IN 65 0.10597€ 04 Y 91 0.43923E 04
14 SB 125 0.70553E 03 PU 239 0.88644E 03 pU 238 0.34473E 04
15 EU 156 0. 66056E 03 KR_85 0.72666E 03 SR 89 0.33450F 04
16 PR 143 0.33466E 03 FE 59 0.31666E 03 P8 210 0.32203E 04
17 Y S0 0.27135E 03 IR 95 0.28675E€ 03 SB 125 0.30009€ 04
18  BA 140 0.24267E 03 NB 95 0.16816E 03 SM 151 0.22474E 04
_____ 19 AG 111 0.23180F 03 RU_103 0.12607€ 03 MN 54 0.15463E 04
20 BI 210 0.19520E 03 PU 241 0.11664E 03 PU 240 0.15223E 04
21 SB 127 0.17094E 03 EU 156 0.96733E 02 P 32 0.12559¢ 04
22 ND 147 0.12636E 03 FE 55 0.87121E 02 NB 93M 0.11298E 04
23 MO 99 0.11360F 03 CE 144 0.84668E 02 IN 65 0.10597E 04
24 LA 140 0.10379€ 03 HG 203 0.73417TE 02 SN 125 0.954T4E 03
25 __PM 149 0.73434E 02 TE 127M 0.44208E 02 PU 239 0.88644E 03
26 AU 198 C.70454E 02 SC 48 0.37276E 02 EU 156 0.75729E 03
27 IR 97 0.65990F 02 W 181 0.35974E 02 FE 59 0.34247€ 03
28 K 42 0.65158E 02 TE 125M 0.33477E 02 PR 143 0.33466E 03
29 Y &3 0.48131E 02 1 131 0.26911E 02 IR 95 0.30790E 03
30 1 133 0.46340E 02 BA 14C 0.26119E 02 Y 90 0.27144E 03
31 CE_141 0.46054E 02 LA 140 0.20270F 02  BA 140 0.26879E 03
32 CE 143 0.45247E 02 BE 7 0.20147€ 02 AG 111 0.23324€ 03
33 pM 151 0.41495E 02 AU 196 0.19835E 02 81 210 0.19520E 03
34 NA 24 0.38834E 02 TE 129M 0.18320E 02 SB 127 0.18892E 03
35 1 131 0.33¢48E 02 S8 127 0.17979E 02 NB 95 0.16816E 03
36 TC 99 0.32480E 02 CE 141 0.17140E 02 RU 103 0.14439€ 03
37 RH 105 0.31336F 02 ND 147 0.16565E 02 ND 147 0.14292E 03
38 EU 152 0.27718E 02 NA 24 0.13453E 02 LA 140 0.12406F 03
39 FE 59 0.25812E 02 XE_131M 0.11000E 02 PU 241 0.11664E 03
40 SR 129 0.25779E 02 U 237 0.81380F 01 MO 99 0.11540F 03
41 SR 91 0.25627E 02 AY 198 0.73293E 01 FE 55 0.87121E 02
42 W 185 0.23169€ 02 PT 195M 0.54910E 01 CE 144 0.85320€ 02
43 IR 95 0.21153E_02 NB 95M 0.53796E 01 AU 198 0.77784E 02
44 PR 145 0.19796E 02 CR 51 0.52937€ 01 PM 149 0.77468E 02
45 W 187 0.18785E 02 SN 125 0.47742E 01 HG 203 0.73417E 02
46 AG 113 0.18381E 02 TE 132 0.45266E 01 K 42 0.66036E 02
47___RU 103 0.18319E 02 W 187 0.44661E 01 IR 97 0.65990E 02
48 Y 92 0.183C7E 02 PM 149 0.40340E 01 CE 141 0.63193E 02
49 ___SM 153 0.16169E 02 NP 239 0.37475E 01 I 131 0.60559E 02
50 LA 141 0.15979€ 02 XE 133M 0.32706E 01 NA 24 0.52287€ 02
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51 AG 112 0.15270E 02 T 133 0.31141E 01 Y 93 0.50011E 02

52 PD 109 0.15046E Q2 PB 203 0.31013E 01 SC 48 0.49792E 02

53 CO 60 0.13347E 02 SB 126 0.30900E 01 1 133 0.49454E 02

54 SC 48 0.12517€ G2 CE 143 0.28151E Q1 CE 143 0.48063E 02

55 SB 126 0.11161E 02 XE 133 0.24491E 01 TE 127M 0.44208F 02

56 SM 156 0.10421€ 02 1 135 0.23398E 01 PM 151 0.43314F 02

57 SN 127 0.89265E 01 SR 91 0.21406E 01 W 181 0.35974E 02

58 XE 135 0.85760E 01 Y 93 0.18798E 01 TE 125M 0.33477E 02

59 RU 105 0.76739E () PM 151 0.18195€ 01 TC 99 0.32480F 02

60 I 135 0.73737E ¢! MO 99 0.17984E 01 RH 105 0.31648E 02

61 AS 78 0.71206E ¢ SM 153 0.17144€ 01 EU 152 0.28185E 02

62 SB 128 0.66417E GL  ~ AG 111 0.14390E 01 SR 91 0.27768E 02

63 KR 87 0.61846E 01 Y 91 0.12691E 01 $8 129 C.25T7T79E 02

64 ND 149 0.56455E C1 I 132 0.12629E 01 W 187 0.23251E 02

65 LA 142 0.56092E 01 PD 112 0.96111E 00 W 185 0.23169E 02

66 IN 117M 0.50928E 01 K 42 0.87830€ 00 BE 7 0.20147E 02

67 BA 139 0.50694E 01 RU 105 0.87677E 00 AU 196 0.19835E 02

= 68 1 132 0.49334E 01 KR 88 0.86549E 00 PR 145 0.19796E 02
69 SR 92 0.48962E 01 XE 135 0.63263E 00 Y 92 0.18685E 02

70 RH 109 0.44887E 01 PR 204M 0.61144E 00 AG 113 0.18381F 02

- 71 TE 129 0.42759€ 01 CD 117M 0.60588E 00 TE 129M 0.18320E 02
2 72 TE 134 0.40873E 01 AG 112 0.50902E 00 SM 153 0.17883E 02
73 SN 126 0.38597E 01 EU 152 0.46660E 00 LA 141 0.16044E 02

74 TE 127 0.35163E 01 BA 139 0.44927€ 00 AG 112 0.15779€ 02

75 KR 88 0.33101E 01 AS 78 0.39142E 00 PD 109 0.15046E 02

- 76 I 134 0.29863E 01 Y 92 0.37876E 0O SB 126 0.14251E 02
- 77 CS 138 0.28556E 01 IN 115M 0.37580E 00 XE 131M 0.11000E 02
8 KR_85M 0.27140€E 01 TE 129 0.34982E 00 SM 156 0.10421E 02

79 BR 83 0.26554E 01 KR 87 0.33253E 00 1 135 0.97135E 01

80 NB 97 0.24931E Ol RH 105 0.31183E 00 XE 135 0.92086€ 01

81 BR 84 0.24391FE 01 TL 201 0.27922E 00 SN 127 0.89265E 01

82 NP 239 0.23308E 01 1 134 0.26369E 00 RU 105 0.85506E 01

83 $8 131 0.20958E 01 CS 138 0.26220E 00 U 237 0.81384E 01

84 PR 146 0.19110E 01 LA 142 0.21855E 00 AS 78 0.75120E 01

85 R8 88 0.17518E 01 SE 83 0.21819E 00 _SB 128 0.66417E 01

86 Y 94 0.17142€ 01 NB 97 0.21773E 00 KR 87 0.65172E 01

87 LA 143 : 0.15955E 01 IN 117 0.20916E 00 I 132 0.61963F 01

88 RB 89 0.15330F 01 TC 99M 0.19169E 00 NP 239 0.60783E 01

89 PD 111 0.15273E 01 KR 85M 0.18969E 0D LA 142 0.58278E 01

90 BA 141 0.14553E Q1 BR 84 0.17527€E 00 ND 149 0.56455E 01

91 IN 119 0.14089E 01 cD 117 0.17506E 00 BA 139 0.55186E 01

92 PR 144 0.14034E 01 CU 64 0.15173€ 00 PT 195M 0.54910€ 01

93 CU 64 0.13818E 01 KR 83M 0.14131E 00 NB 95M 0:.53796E 01

5S4 GE 78 0.13693E Q1 Y 91M 0.12733E 00 CR 51 0.52937E 01

95 SM 155 0.13690E 01 TE 131M 0.12617E 00 IN 117M 0.51833E 01

* 96 TE 131 0.13308E 01 PR 146 0.11600E 00 SR 92 0.48962€ 01
i 97 SN 123 0.13125E 01 TE 133M 0.11377E 00 TE 129 0.46257€ 01

« 98 RB 91 0.11982E 01 MN 56 0.11212E 00 TE 132 0.45266E 01
99 CD 117 0.10250E 01 Y 94 0.91524E-01 RH 109 0.44887E 01

* Loo Y 95 0.98038E Q0 IN 117M 0.90547E-01 KR 88 0.41756E 01
101 ND 151 0.92735E 00 Y 90 0.85996E-01 TE 134 0.40873E 01

7




156

APPENDIX VIII, continued

102 MN 56 0.91544E 00 LA 141 0.64551E-01 SN 126 0.38597€ 01
103 RH 107 0.81172E 00 MO 101 0.53236E-01 TE 127 0.35163€ 01
104 CD 118 0.76164E 00 TE 131 0.49984E-01 XE 133M 0.32706E 01
105 SE 83 0.72922E 00 BR 83 0.47859€-01 1 134 0.32499E 01
106  SE 81 0.68586E 00 RB 88 0.41151E-01 CS 138 0.31178E Ol
107U _239 0.67536E 00 XE 135M 0.36673E-01 PB 203 0.31013E 01
108 CE 144 0.65271E 00 SM 155 0.33783€-01 KR 85M 0.29037¢ 01
109 MO 101 0.63131E€ 00 SN 123 0.23451E-01 NB 97 0.27109E 01
1160 IN 117 0.52341E 00 RH 103M 0.21301E-01 BR 83 0.27033E 01
111___Tc 101 0.43490E 00 TC 101 0.18356E~01 BR 84 0.26144€ 01
112 IN 118 0.21977E 00 CE 146 0.14558€E-01 XE 133 0.25912E 01
113 IN 115M 0.19791E 00 TE 133 0.11445E-01 SB 131 0.20958E 01
114 MO 102 0.19780E 00 U 239 0.87904E-02 PR 146 0.20270E 01
115  XE_133 0.14209E 0G BA 137M 0,77488E-02 Y 94 0.18057E 01
116 SN 121 0.11440E 00 PR 144 0.55330E-02 RB 88 0.17930E 01
117 __TE 133 0.93683E-0] NB 9TM 0.33196E-02 LA 143 0.15955E 01
118 CE 146 0.86818E-01 RH 106 0.54929E-03 CU 64 0.15335E 01
119 ___IN 65 0.50088E-01 RH 105K 0.36072E-03 RB 89 0.15330€ 01
120 RH 106 0.42249E-01 AG LOGM 0.21905E-03 PD 111 0.15273E 01
121 _IC 102 0.37097E-01 GE 78 -0.0 BA 141 0.14553E 01
122 CA 45 0.24642E-01 SE 79 -0.0 IN 119 0.14089E Ol
123 _EU 155 0.97081E-02 SE 81 -0.0 PR 144 0.14089E 01
124 €S 135 0.79884E-02 RB 87 ~0.0 SM 155 0.14028€ 01
125 U 237 0.41993E-03 RB_ 89 0.0 TE 131 0.13808E 01
126 AU 196 0.65282E-04 RB 91 0.0 GE 78 0.13693F 01
127 Xt 138 0.612456~-04 SR 89 0.0 SN 123 0.13360F 01
128 HG 203 0.39642E-04 SR 90 0.0 CD 117 0.12001F O1
129 _ TE 132 0.B6659E-05 SR 92 0.0 RB 91 0.11982E 01
130 PD 112 0.10534E-06 Y 95 -0.0 MN 56 0.10276E 01
131 SE 19 0.52088E~07 IR 93 -0.0 Y 95 0.98038E 00
132 C l4 0.14305E-07 IR 97 -0.0 PO 112 0.96111€ 00
133 S 35 0.38243E-08 MO 102 -0.0 SE a3 0.94741E_00
134 1 129 0.10991E-08 TC 99 ~0.0 ND 151 0.92735E 00
135___NB 95 0.14468E~09 1C 102 0.0 RH 107 0.81172E 00
136 SM 151 0.44654E-58 RU 106 -0.0 CD 118 0.76164E 00
137.___KR_83M -0.0 RH 107 -0.0 IN 117 0.73256E 00
138 RB 87 -0.0 RH 109 -0.0 SE 81 0.68586E 00
139 Y SiM -0.0 PD_107 -0.0 MO 101 0.68455€ 00
140 ZR 93 Z0.0 PD 109 -0.0 U 239 0.68415€ 00
141 NB_93M 0.0 PO 111 -0.0 PB 204M 0.61144E 00
142 NB 95M -0.0 AG 113 ~0.0 CD 117M 0.60588E 00
143 NB_97M -0.0 CD_113M 0.0 IN 115M 0.57371E 00
144 TC 99M ~0.0 cD 118 -0.0 TC 101 0.45326E 00
145  RU 106 -0.0 IN 115 -0.0 TL 201 0.27922E 00
146  RH 103M ~0.0 IN 118 ~0.0 IN 118 0.21977E 00
147___RH 105M -0.0 IN 119 -0.0__ _ MO 102 0.19780E 00
148 PD 107 -0.0 SN 121 ~0.0 TC 99M 0.19169E 00
149 _AG_109M ____ -0.0 . SN 126 -0.0 KR 83M 0.14131E 00
150 CD 117M -0.0 SN 127 0.0 Y 91IM 0.12733E 00
151 IN 115 -0.0 sB_128 -0.0 TE 131M 0.12617€ 00
152 TE 125M ~0.0 SB 126 ~0.0 SN 121 0.11440E 00
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153 TE 127M -0.0 SB 131 -0.0 TE 133M 0.11377€ 00
154 TE 129M -0.0 TE 127 -0.0 TE 133 0.10513E 00
155 TE 131M -0.0 TE 134 —~0.0 CE 146 0.10i38E 00
156 TE 133M ~0.0 XE 138 -0.0 RH 106 0.42799€-01
157 XE 131M -0.0 CS 135 -0.0 TC 102 0.37097E-01
158 XE 133M —0.0 CSs 137 -0.0 XE 135M 0.36673E-01
159 XE 135M =0.0 BA 141 -0.0 CA 45 0.24642E-01
160 BA 137M ~0.0 LA 143 0.0 RH 103M 0.21301€E-01
161 H 3 -0.0 PR 143 -0.0 EU 155 0.97081E-02
162 BE 7 -0.0 PR 145 -0.0 €S 135 0.79884E-02
163 FE 55 -0.0 ND 149 -0.0 BA 137M 0.77488E-02
164 MN 54 -0.0 ND 151 -0.0 NB 97M 0.33196E-02
165 W 181 -0.0 PM 147 -0.0 RH 105M 0.36072E-03
166 PB 203 -0.0 SM 156 -0.0 AG 109M 0.21905E-03
167 PT 195M . -0.0 EU 155 -0.0 XE 138 0.61245E-04
168 PU 238 ~-0.0 H 3 -0.0 SE 79 0.52088E-07
169 BI 207 -0.0 C 14 -0.0 C 14 0.14305E-07
170 TL 201 -0.0 P 32 =0.0 S 35 0.38243E-08
171 PU 239 -0.0 S 35 -0.0 RB 87 0.0

172 PU 240 =0.0 C 136 -0.0 IR 93 0.0

173 PU 241 -0.0 CA 45 ~0.0 RU 106 0.0

174 P8 210 —0.0 W 185 -0.0 PD 107 0.0

175 PB 204M -0.0 TL 204 -0.0 IN 115 0.0

176 CR 51 -0.0 Bl 210 -0.0 H 3 0.0
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APPENDIX IX

LISTING OF _RAGICNUCLIDES FOR_INDIVIDUAL ORGANS (DOSE/UNLT INTAKE)

GAMMA = 20.5 TAU = R T = 2555C. ORGAN = TOTAL BODY
SGLUBLE
INFALATIGON INGESTINN
NO. NUCLIDE REM/MICRGCI NUCLIDE REM/MICROCI
1 PU-739 0.2176467E C3 SR-G 0.1908106E 01
2 PU=74C 0.z171915€ C3 . PR=210 _ 0.5301245E 50 .-
3 PU-2 3K 0.18405C0F C3 CS-134 0.7592928k~01
4 PU-241 D.2694066E 01 CS-137 0.4385849E-01
5 SR-9G 0.2544142E 01 PU-239 0.2611759E-01
6 PB-210 C.1921701E C1 PU-240 0.260629TE-01
7 FU-152 G.9794879E-C1 PU-238 0.2208599E-01
8 _CE-)44 0.6592C41E-01 NA-22 0.1869029E-01
9 (S-134 0.56646G6E=C1 1-129 0.1304285E-01
10 CS-137 0.3289387E-01 CA-45 0.8877035E-02
11 ZN-65 C.1977771E-C1 SR-89 0.8813635E6-02
12 7R-95 Cel6207GRE-O1L CL-36 0.8007091E-02
13 NA-22 0.1401772E-0G1 CS-136 0.7592931E-02
14 EU-155 0.1333802E-C1 pP-32 0.7419035€-02
15 SR-8% G.1175152E-01 IN-65 0.6592568E-02
l6 FE-5S G.1101888E-C1 CS-135 0.4906204E-02
17 1-126 0.9782135E=02 CO-60 0.4539829E-02
18 Y-91 0.$084973E~02 KB-87 0.4300892€-02
19 CA-45 0.5137282E-02 FE-59 0.3672960E-02
_ 20 _BA-140 C.7317673E-C2 1-131 Ne3551156E-02_
21 SM-151 0.7162C45E=-02 TE-129M  0.2920358E-02
22 PM-147 0.7016025E-C2 $-35 0.2634482E-02
23 NB-G3M 0.03557626-02 NA-24 0.1720357E-02
24 P-32 0.623159CE-02 HG-203 0.1632747E~02
25 C0-6C 0.6053109E-02 TE-132 0.1311506E-02
26 CL-36 0.6005317E-G2 RA-140 _ 0.1306728E-02
27 CS-136 0.56546G5E=C2 TE-127M  0.1104427€-02
28 CD-115M  (0.5668148F-02 K=42 0.8835411E-03
29 NB-$5 0.4525846E-02 MN-54 0.8773815E-03
30 TE-129M  0.443BS4CE-U2 MC-$9 0.8257707E-03
31 SB-125 0.3715969E-02 1-133 0.776072CE-03
32 CS-135 0.3679¢53E-02 TL-204 0.5973463E-03
33 RB-A7 0.3225669E-02 C-14 J.5734523F-03
34 RU-106 0.2890198E-C2 TE-131M  0.4884962E-03
35 1-131 0.2663367E-02 TE-125M  0.4778T70E-03
36 MN-54 0.2632145E6-02 SB-125 0.4128853E-03
37 1IR-93 0.2628322E-02 1-135 0.3865489E-03
38 IN-115 0.2166375E-02 SN-125  0.3743365E-03
39 SN-125 0.2096285E-02 PU-241 0.3232881F-03
40 TE-132 0.1993489E-02 RU-1G6 0.3211331E-03
41 S-35 0.1975861E-072 FE-55 0.3195934E-03
42 TE-127M  G.1678728E-02 SR-91 0.2676109E-03
43 CE-141 0.1672565E-02 AU-196 0.2637878BE-03
44 BI-207 0.13R0534E-02 1-132 0.1751153E-03
45 HG-203 0.1371507E-02 AU-198 0.1601418E-03
46 NA=?4 0.1290268E-02 TL-201 0.1543540E-03
47 ND-147 C.1173763E-02 H-3 0.1274339£E-03
48 PR-143 0.11469C04E-02 SR-G2 0.9111511E-04
49 SC-48 0.9929221€-03 RU-103 0.8690984E-04
50 FE=-55 0.9587801E~C3 1-134 0.5734524E-04
51 LA-14C 0.84T4345E-03 CO-115M  0.5668150E-04
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LISTING CF RACIGNUCLILES FGR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550 ORGAN = TODTAL BODY
el ... SOLUBLE
INHALATICN INGESTION
NO. NUCLIDE  REM/MICRCCI NUCLIDE REM/MICROCT
52  AU-196 C.7913639E-03% RH-105 0.5649564E-04
53  RU-103 0.7821887E-03 BI-207 0.5309744E=04
54 TE-131M  G.74251426~03 TC-69 0.4991160E-04
55 TE-125M  0.7263729E-03 PD-109 0.4549386E-04
56 M0-99 0.6706388E-03 PB~203 0.4655790E-04
57 K—42 = 0.6626558E-03 CU-64 0.3939829E~04
58 TL-204 0.6371692E~03 EU-152 0.3917952E-04
59 Y=9¢ 0.6332397£-03 W-187 0.3610624E~04
60 1-133 0.5820540E-03 CE-144 0.2636B16E-04
’ 61 AU-198  0.4804253E-03 TE-127 0.2421242E-04
62 C-14 0.430G8G2E~03 MN-56 0.2219471E-04
. 63 CD-115  0.41469C9E-03 W-181  0.2123B97E-04
. 64 1R-97 0.3958412E-03 IN-115 0.1733098E-04
65  BE-T 0.380974CE-03 W-185 0.148672BE-04
66 SR-91 0.3568146E-053 TE-129 0.1326905E~04
67 CE-143  0.3425C48E-03 AG=111  0.1274338E-04 )
68 AG-111 0.33132B0E-03 AS-T7 0.1223364E-04
69  PM-149  0.3153$87£-03  RU-105  0.7263729€-05
70 1-135% 0.2899116E~03 ZR-95 0.6483190E-05
71 Y-93 0.1895578E-03 PB-204M  0.5350517E-05
72 NP-23S 0.1793897F-03 EU~155 0.5335231E-05
73 CR-51 _  0.1765489E~C3 CD-115  0.4146909E-05
74  TL-201 0.1646443E-03 Y-91 0.3633989E~-05
75 SM-153  0.1553100E-03 © CR-51  0.3530977E-05
76 PB-203 0.1470225E~03 BE~7 0.3047791E-05
77 1-132 0.1313364E-03 SM-151 0.2876818E-05
78 H-3 0.1274339E-03 PM—147 0.2806410E~05
79  SR-92 0.1214868E-03 NB-93M 0.2542305F~05
80 AS-T77 0.1101027E-03 NR=95 0.1814338E-05
81 W-187 0.1083188E-03 TC-99M 0.1529205E-05
82 RH-105 0.9886739E-04 IR-G3 0.1051329E-05
’ 83  PD-1G9 0.7961424E-04 CE~141 0.6690274E~06
84 GD-159 0.7168151E-04 ND-147 0.4715051E-06
* 85 MN-56 0.6653415E~04 PR-143 0.4587616E-06
. 86 RU-105 C.6537356E~04 RH-103M  0.4438943E-06
87 wW-181 0.6371693E-04 SC-48 D.397168BE-06
88 Y-92 C.6371690E-C4 LA=140 0.3389739E-06
= 8Y CU-64 0.54B7620E-04 Y-90 0.2532959E-06
90 TC-S9 0.499116CE-04 IR-S7 0.1583365E-06
91 w-185 0.4460184E~04 CE-143 0.1370020€-06
92 1-134 0.4300893E-04 PM-149 0.1261595E=06
93  TE-127 0.3680289E6-04 IN-115M  0.1049205€-06
S4 ND-149 0.2423895E~G4 Y-93 0.7532310E-07
95 TE-129  0.2015894E=04 ___NP=239  0.7175584E-07_
96 PB-204M  0.1939562E-04 $M-153 0.6212400€-07
97 IN-115M  0.13115C76-04 GN-159 0.2867260E-07
98 NB-97 U 1177966604 Y=92 0.25486T6E~07
99  Y-91M 0.8641608E-05 ND-149 D.9695579E-08
100 TC-S9M 0.1529205E-05 NB-97 0.4711861E-08

11 RH-1C3M 0.776815GE~06 Y-91M 0.3456643E-08

Ll
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APPENDIX IX, continued

LISTING OF RADIDONUCLIDES FUR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550. ORGAN = BONE
o ~ SOLUBLE ]
INHALATICN INGEST ION

NO. NUCLIDE __ REM/MICROCI NUCLIDE REM/MICROCT
1 PU-239 C.1019287E 05 SR-S0 0.3569995E 02
2 PU-240 0.1G17596E ©5 PB-210 0.1672836E 02
3 PU-238 0.8315762E 04 PU-239 0.1223145E 01
4 _PU-241 __0.1485529E 03 PU-240  0,1221115€ 01
5 PB-210 0.66G1344E 02 PU-238 0.9978915F 00

6 SR=90  0.4759991E 02 CA-45  0.4523378E 00
7 CE-144 C.138068CE 01 IN-65 0.3001530E 00
B £U-152 0.5537338E 00 pP-32 0.2225381E 00
9 CA-45 C.4188313E 00 SR-89 0.1527271E 00
10 Y-91 . 0.3842653E CO €S-137 0.9292930E-01
11 PM-147 0.2159090E 06 CS-134 0.5714286E-01
12 SR-89 . 0.2036362E 00 CS-135  0.2222222E-01
13 SM-151  (0.2028778E 0C BA-140 0.1891415E-01
14 pP-32 0.1856S91E U0 NA-22 0.1869029E-01
15 EU-155 0.13303G3E CO PU-241 0.1782634E-01

16 NB-93M  0.1135641E 00  _ TE-129M_ 0.1416066E-01
17 ZR-63 0.1082250E €O 1-129 0.1304285FE~-01
18 RBA-140 0.1026768E 00 SN-125 0.1004329€-01
19 7N-65 0.80C4075F-01 TE-127M  0.9541851E-02
20 IR-95 0.7083327E-01 CL-36 0.8007091E-02
21 CS-137 C.6969696E-01 5-35 0.7686868E-02
22 CS-134 0.4285714E-01 SR-91 0.6262626E-02
23 SN-175 0.4017317E-01 C0-60 0.4539829E~02
24 Y-9C _ 0.2694180E-01 RR-87  0.4300892E-02
25 PR-143 0.2616642E-01 CS—-136 0.4121210F-02
26 _RU-106 0.2344879E-01 FE-59 0.3672960E-02
27 IN-115 £.2330448E-01 I-131 0.3551156E-02
28 CE-141 0.2264610E-01 C-14 0.3246754F-02
29 TE-126M  C.2093315E-01 TE-125M  0.2821068E-02
30 S$B-125 0.20129888-01 RU-106 0.2813855E-02
31 ND-147 0.1696970E=C1 TL-204 0.2735689E~-02
32 (S-135 0.1666666E-01 TE-132 0.2486412E-02
33 NB-95 C.15C3847E-01 SR-62 0.2222222F-02
34 TE-127M  0.1410535F-01 $B-125 0.201298RF-02
35 NA-22 0.1401772e-01 NA-24 0.1720357E-02
36 FE-59 0. 11018RBE=01 HG-203 0.1632747€-02
37 1-126 0.9782135E-02 K=42 0.8835411E-03
38 SR-91 0.A35C171E=02 MN=54 0.87738156-03
39 Y-93 0.6237376E-02 TE-131M  0.8629151E-03
40 CO-60 0.6053109E-02 MO-99 0.8257707E-03
41 CL-36 0.6005317E-02 1-133 C.7760720E-03
42 CD-115M  0.5668148E-02 CE-164 0.5522720E-03
43 LA-14C 0.5454544E~02 FE-55 0.5197811€-03
44 S-35 0.51245H0E-02 W-185 0.4579125E-03
45 7IR-97 0.4764069E-02 I-135 0.3865489E-03
46 CE-143 0.4558079E-02 TL-201 0.2777774E-03
47 PM-149 0.4523810E-02 AU-196 0.263787RE-03
48 TE-125M  G.417C272E-02 EU-152 0.2214936E-03
49 TE-132 0.36755966E-02 RU-103 0.2147187E-03
50 RB-87 0.3225569E-02 IN-115°  0.19808B0E-03

51 CS5-136 0.3C90909E-02 I-132 0.1751153€-03
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APPENDIX IX, continued

LISTING OF RACIONUCLIDES FUR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550. ORGAN = BONE
, ) ~ SOLURLE i
INHALATIGN INGESTION
NO. NUCLIDE REM/MICROCT NUCLIDE REM/MICROCI
52 NP-239 0.3020371E-02 AU-198 0.1601418E-03
53 SR-92 0.2962963E-02 RH-105 0.1587903E-03
54 TL-2C4 0e2845116E-G2 Y-91 0.1516955E-03
55 1-131 0.266336TE-02 TC-69 0.1412939€-03
56 MN-54 0.2632145E-02 TE-127 0.1294371E-03
57 C-14  0.2597403E-02 H-3 0.1274339E-03
58 Y-92 0.236471%E-02 W-187 0.10606C6E-03
59  SM-153 0.2333331E-02 PM-147 0.8396461E-04
6C RU-103 0.1789323E-02 SM-151 0.7889693E-04
61 AG-111  0.1688311E-02 AG-111  0.6493503E-04
62 SC-48 0.1635402E~-02 1-134 0.5734524E-04
63 FE-55  C.1559344E-02 __ CD-115M _ 0.5668150E-04
64 HG-203 0.1371507E-02 EU-155 0.5321213E-04
65 __W-185 0.1308322E~02 PD-109 0.4549386E-04
66 NA-24 0.1290268E-02 ZR-93 0.4329004E-04
67 TE-131M _ 0.1275613E-02 NB-93M  0.4315439E-04
68 AU-196 0.7913639E-03 TE~-129 0+3949496E-04
69 GD-159 0.T7440476E-03 CU=-64  0.3939829E-04
7C  MC-99 0.6709388E-03 W-181 0.3362792E-04
71 K-42 0.66265586-03 IR-95 0.2833332E-04
72 1-133 0.5820540E-03 PB-203 0.2661617E-04
73 AU-1SB . 0.4804253E-03 Y-93  0.2462121E-04
74  ND-149 0.4221B58E-03 MN-56 0.2219471E-04
75 CD-115 _ 0.4146909E-03 CRU-105  0.1919192E-04
76  BE-7 0.3924961E-03 AS-T7 0.1223364E-C4
77__RH-105 0.3175805E-03 BI-207 0.1142857E-04
78 wW-187 0.3030302E-03 Y=9¢ 0.1063492E-04
79 BI-207 0.?933333E-03 PR-143  0.104665TE-04
80 I-135 0.2899116E-03 CE-141 0.9058442E-05
81 TL-201 0.288BER6E-03  ND-147  0.6599327E-05
82 Y-91M 0.2398991E-03 NB-95 0.5714621E-05
83  TE-127 0.1913419E-03 CD-115 0.4146909E-05
84 CR-51 0.1765489E-03 CR-51 0.3530977E-05
85 RU-105  0.1599327E-03 PB-204M  0.3504090E-05
86 NB-97 0.1471862E-03 BE-T 0.3139970E-05
87 TC-99 0.1412939E-03 _  LA-140  0.2181819€-05
88 1-132 0.1313364E~03 IrR-G7 0.1905629E-05
89 H-3 0.1274339E-03 CE-143 0.1823232E-05
90  AS-77 0.1101027E-03 PM=149 0.1759259E-05
91  PB-203  0.1064646E-03 NP-239  D.1482727E-05
92 wW-181 0.96C79T3E~04 Y-92 0.9334415E-06
93 PD-10G9  0.7961424E~04 SM-153  0.9074066E-06
94 IN-115M 0.6762870E-04 RH-103M  0.8682064E-06
95  MN-56 0.6658415E-04 SC-48 0,6541605E-06
96 TE-129 0.5838386E-04 IN-115M  0.5748436E-06
97  CU-64 0.5487620E~04 6D-159 0.3043832E-06
g8 1-134 0.4300893E-04 ND-149 0.1641834E-06
99 PB—204M  0.1401636E-04 Y=91M  0.9469699E-07
100 RH-103M  0.1736413E-05 NB-97 0.5593076E-07
101  TC-99M 0.8658009E-08 TC-99M 0.8658009E-08
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APPENDIX IX, continued

ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. ORGAN = G.l. TRACT
o SOLUBLE .
INHALATION INGESTION
NO.. NUCLIDE REM/MICROCT NUCLIDE REM/MICROCT
1 RU-106 0.7142854E-01 RU-106 0.1948052€ 00
2 Y-90 0.5357140E-01 CE-144 0.1948052E 00
3 ZR-97 0.5357140E-01 Y-90 0.97402576-01
4 _SN-125_ _ 0.535714GE-01 _ZR-97  0.9740257E-01
5 LA-140 0.4285712E-01 SN-125 0.97402576-01
6 SC-48  0.35714276-01 _  LA-140  0.9740257E-01
7 v-91 0.3571427E-01 SC-48 0.6493503€-01
8 Y-93 0.3571427€-01 Y-91 0.6493503E-01
9 RA-14C 0.3571427€E-01 Y-93 0.6493503E-01
10 _PU-238 _  0.3571427E-01  TE-129M  0.6493503E-01
11 PU-239 0.3571427E-01 TE-132 0.6493503E-01
12 PU-24C _ 0.3571427E-01 BA-140  0.64935G3E-01
13 CD-115M  0.3571427E-01 PU-238 0.6493503E-01
14 TE-129M  0.3061223E-01 PU-239 0.6493503E-01
15 TE-132 0.3061223€-01 PU-240 0.6493503E-01
16 _CD-115__ 0.2678572E-01 ___ . _ CD-115M  0.6493503E-01 ___
17 SR-8% 0.2380952E-01 CD-115 0.6493503E-01
18 CE-143 _ 0.2380952E-Cl SR-89  0.4870130£-01
19 FE-59 0.2142857E-01 AG-111 0.4870130E-01
20 _C0-60 0.2142857E-0C1 CE-143 0.4870130E-01
21  SR-90 0.2142R57E-01 PM—149 0.4870130E-01
22 Y-%2 0.7142857E-0L  PB-204M  0.4870130E-01
23 ZR-G5 0.2142857£-01 C0-60 0.3896103E-01
24 AG-111  0.2142857E-01 SR-90  0.3896103E-01
25 TE-125M  0.2142857E-01 PR-143 0.3896103E-01
26 TE-131M _ 0.2142857E-01 AU-198 D.3896103E-01
27 PR-143 0.2142857E-01 FE-59 0.3246752E-01
28 ND-147  0.2142857E-01 Y-92 0.3246752E-01
29  PM-149 0.2142857E-01 ZR-95 0.3246752E-01
30 PB-2C4M  0.2142857E-01 CTE-131M  0.3246752E-01
31 AU-198 0.2142857E-C1 ND-147 0.3246752€E-01
32 BI-207 0.21428576-01 BI-207 0.3246752E-01
33 p-32 0.1071428E~C1 SR-91 0.2782930E-01
34 SR-91  0.107L428E-01 SR=92  0.2782930E-01
35 SR-92 0.1071428E-01 W-187 0.2782930E-01
36 NB-95  0.1071428E-0l1  __RU=103 __ 0.2435064E-01
37 RU-103 0.1071428E-01 TE-127M  0.2435064E-01
38 PD-109 0.1071428E-01 SM-153 0.2435064E-01
39 IN-115 0.1071428E-01 EU-152 0.2435064E-01
_40 SB-125_ _  0.1071428£-01 AS-T77 _ 0.2435064E-01
41 TE-127M  0.1071428E-91 6D-159 0.2435064E-01
42 CE-141  0.1071428C-01 P-32  0.2164501E-01
43  SM-153 0.1C71428E-01 PD-109 0.2164501E-01
44 EU-152 0.1071428E-01 IN-115 0.2164501E-01
45 W-187 0.1071428E-01 CE-141 0.2164501E-01
46  TL-204 __ 0.1071428E-01  MN-54  0.1948051E-01
47 AS-T7 0.1071428E-01 MN-56 0.1948051E~01
_48 GD-159  0,1071428E-01 _____NB-95  0.1948051E-01
49 MN-54 U.T142853E-02 RU-105 0.1948051E-01
50 MN-56 0.7142853E-02 SR-125 0.1948051E-01
51 RU-105 0.7142853E-02 W-185 0.1948051E-01
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APPENDIX IX, continued

LISTING OF RADIONUCLIDES FOR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

b

GAMMA = 20.5 TAU = C. ORGAN = G.l. TRACT
. ] SOLUBLE
INEALATION INGESTION
ND.__NUCLIDE _ REM/MICROCI _NUCLIDE  REM/MICROCI
52 W-185 0.7142853E-02 TL-204 "0.1948051E-01
53 NP-239 0.7142853E-02 NP-239 0.1948051E-01
54 RH-105 0.7142853E-02 RH-105 0.1948051€E-D1
55 NA-24 0.5357139E—-02 NA=24 0.9740256E-02
56 IN-65 0.5357139E-C2 IN—-65 0.9740256E-02
57 EU-155  D0.5357139E-02 M0-99 _  0.9740256E-02
58 AU-1G¢6 0.5357139E-02 TE-125M 0.9740256E-02
59 PB~-210 0.5357139E-02 PM-147 0.9740256E-02
60 M0-99 0.4285712E~-02 EU~-155 0.9740256E-02
c 6l PM-147 0.4285712E-02 _ AU-196 0.9740256E-02
62 TE-127 0.3571427E~-02 PB-210 0.9740256E~02
63 ND—-149 0.3571427TE-02 NA—22 0.6493505E-02
64 NA-22 0.3061223E-02 K=42 0.6493505E-02
65  K—-42 0.3061223E-02 CU-64 0.6493505E-02
66 (CU-64 Q.3061223E-02 TC-99 N .6493505E-02
67 TC-99 0.3061223E-02 TE-127 0.64935056-02
68 TL-20C1 0.3061223E~-02 ND—-149 0.6493505E-02
69  IN-115M 0.2671R570E-02 TL-201 0.6493505E-02
70 SM-151 0.2678570E-02 CA-45 0.4870128BE-02
71 wW—-18§1 0.2678570E~-02 NB—93M 0.4870128E-02
12 NB—-93M 0.2380951E~-02 IN-115M 0.4870128€E-02
13 1-132 0.2380951E-02 I-132 0.4870128E-02
74 PB-203 0.2380951E-02 SM-151 0.4870128E-02
75  CA-4bH 0.2142857E-02 W-181 0.4870128E-02
76 1-133 0.2142857£-02 PB3—-203 0.4870128E-02
17  1-134 0.2142857E-02 HG-203 0.4870128E-02
78 I-135 0.2142857E-02 I-135 0«3896103E-02
79 CS-134_ 0.2142857E-02 CS—-134 0.3896103E-02
80 HG-203 (0.2142857E-02 1-133 0.3246753E-02
81 ZR=93 __ 0.10714286-02  _  1-134  0.3246753E-02
82 NB-97 0.1071428E-C2 IR—-93 O 2435064E-02
- 83 TE-129 0.1071428E-02 TE~129 « 2435064E~-02
84 1-131 0.1071428E-CG2 CS—-137 O 2435064E-02
. 85 CS-137 _ 0.1071428E-02 _CS-136  0.2435064E-02
- 86 (S-136 0.1071428E~-02 NB-97 0.2164501E-02
87 CL-36  0.T142858E-03 CL-36 0.1948051E-02
88 CE-144 0.7142858E-03 [-131 0.1948051E-02
* 89 PU-241 " 0.7142858E-03 PU-241 0.,1948051E-02
90 BE-7 0.5357142E-03 BE~-T7 0.9740260E-03
91 CR-51  0.5357142E-03 _ ___ CR-51 0.9740260E-03
92 FE-55 O.3571426E-03 FE-55 0.6493505E-03
93 RB-87 _  0.2674570E-03 RB=87  0.6493505E-03
94 Y-91IM 0.2678570E-03 Y-91M 0.6493505E-03
95 [-129 0.2380951E-03 1-129 0.4870128E-03
96 S$-35 0.2142R856E-03 ) S-35 0.3896102E-03
97 _TG-99M  0.2142856E-03  CS-135  0.3896102E-03
g8 (CS5-135 0.2142856E-03 TC—99M C.3246751E-03
99 C-14  0.1071428E-03 C~14 0.21645026-03
100 RH- 103M 0.7142856E-04 RH-103M 0.1948052€-03
101 H-3 0.214285%5E-04 H-3 0.3896101E-04%
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APPENDIX IX, continued

LISTING OF RADIONUCLIDES FOR INCIVIDUAL ORGANS (DOGSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. ORGAN = G.1. TRACT
i INSOLUBLE ,
INHALATIGN INGESTION
NO. _NUCLIBE ____ REM/MICROCI = . NUCLIDE = _ REM/MICROCI
1 RU-106 0.1071428E 00 RU-106 0.1948052E 00
2 _CE-144 0.1071428E 00 CE-144 0.1948052E 00
3 Y-90 0.7142854E-01 P-32 0.9740257E-01
_ 4 IR-97 . _0.7142854E-01 o K-=42  0.,9740257E-01
5 SN-125 0.7142854E~-01 Y-90 0.9740257E~01
.6 P-32 . _0.535714CE-01 _ IR=97 = 0.9740257E-01 _
7 K-42 0.5357140E-01 SN-125 0.9740257E-01
8 TE-129M  0.5357140E-01 TE-129M  0.9740257E-01
9 TE-132 0.535714GE=01 TE-132 0.9740257E-01
10 BA-140  0.5357140E-01 _ BA-140 = 0.9740257£-01
11 LA-140 0.535714CE-01 LA-140 0.9740257E-01
12 CD-115M  0.5357140E-01 NA-22  0.6493503E-01
13 NA-2?2 0.4285712E-01 NA-24 0.6493503E-01
14 NA-24 0.4285712E-01 SC-48 0.6493503E-01
15 SC-48 0.4285712E-01 C0-60 0.6493503E-01
16 _SR-89 0e42B85712E-01 __SR-89 _ 0.6493503E-01
17 Y-91 0.4285712E-01 Y-91 0.6493503E-01
18 Y-93 e .0e4285712E-01 _..Y¥Y=93  0.6493503E-01
19 PU-238 0.4285712E-01 PU-238 0.6493503E-01
20 PU-236 0.4285712E=-01 PU-239 0.6493503€-01
21 PU-240 0.4285712E-01 PU-240 0.6493503E-01
22 C0-60  0.3571427E-01 _ __ ... Cb-115M  0,6493503E-01
23 SR-90 0.3571427E-01 SR-90 0.4870130E~01
24 TE-131M  0.3571427e-01 . MD-99  0.4870130E-01
25 CD-115 0.3571427E~-01 AG-111 0.4870130E-01
26 M0-99 0.3061223E=-01 TE-131M  0.4870130E-01
27 1-133 0.3061223E-01 1-133 0.4870130E-01
28 C$-134  0.3061223E-01 ~ CS-134  0.4870130E-01
29 CE-143 0.3061223E-01 €S-137 0.4870130E-01
30 AG-111  0.2678572E-01 CE-143  0.487013CE-01
31 CS-137 0.2678572E-C1 PM—149 0.4870130E-01
32 PM=149 0.2678572E-01 PB-204M  0.4870130E-01
33 PR—204M  0.2678572t-01 Co-115 0.4870130E-01
34 _AU-198_ _ 0.2678572E-01 . FE~59 _ 0.3896103E~01
35 FE-56 0.2380952E-01 SR-91 0.3896103E-01
.36 _SR-91  0.2380952E-C1 __TE=127M  0.3896103E-01 .
37 TE-127M  0.2380952E-01 PR—143 0.3896103E~01
38 PR-143 0.2380952E-01 AU-198 0.3896103E-01
39 CL-36 0.2142857E-01 CL-36 0.3246752€6-01
40 O SR-92  0.2142857€-01 .SR=G92  0.3246752E-01
41 Y-92 0.2142857E-01 Y-92 0.3246752E-01
42 ZR-95 . 0.2142857E-01 IR-95  0.3246752E-01
43 RU-103 0.2142857E-01 I-131 0.3246752E-01
44 PD-109 0.2142857€~01 ND-147 0.3246752E-01
45 1-131 0.2142857E-01 W-187 0.3246752E-01
46 1-135  0.2142857e-01  TL-204  0.3246752E-01
47 ND-147 0.2142857E-01 BI-207 0.3246752E-01
_48  SM-153 0.2142857E-01 _ €S-136  0.3246752E-01
49 EU-152 0.2142857E-01 PD-109 0.2782930E-01
50 W-187 0.2142857E-01 I-135 0.2782930E-01
51 TL-204 0.2142857E-01 RU-103 0.2435064E-01
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APPENDIX IX, continued

LISTING UF RADIONUCLIDES FOR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. ORGAN = Ge.l. TRACT
INSOLUBLE
INKALATION INGESTION
NO. NUCLIDE REM/MICROCI NUCLIDE  REM/MICROCI
52 BI-207 0.21428576~01 SM=-153 0.2435064E-01
53  CS—-136 0.2142857E-01 EU-152 0.2435064E-01
54 AS-77 0.2142857E-01 AS-T7 0.2435064E-01
55 GD-159 0.2142857E-01 GD-159 0.2435064E-01
56 MN-54 0.1071428E-01 IN-115 0.2164501E-01
57 _MN-56 0.1071428E-0L CE-141  0.2164501E-01
58 NB-95 0.1071428E-01 MN=-54 0.1948051E-01
59 RU-105 0.1071428E-01 MN-56 0.1948051E-01
v 60 IN-115 0.1071428E-01 NB-95 0.1948051E-01
: _6l__SB-125 0.1071428E-01 _ RU-105 0.1948051E-01
62 TE-125M  0.1071428E-01 SB-125 0.1948051E-01
. 63 CE—141 0.1071428E-01 TE-125M  0.1948051E-01
. 64 W-185 0.1071428E-01 W-185 0.1948051E-01
65  HG-203 0.1071428E-01 AU-196 0.1948051E-01
66 NP-239 C.1071428E-01 HG-203 0.1948051E-01
_ 67 __RH-105 0.1071428E-01 NP-239 0.1948051E-01
68 CA-45 0.7142853E-02 RH-105 0.1948051E-01
69 IN-65 0.7142853E-02 C-14 0.9740256E-02
70 RB-87 0.7142853E~02 CA-45 0.9740256E-02
71 TC-99 0.7142853E-02 CU-64 0.9740256E-02
72 TE-127 0.7142853E-02 IN-65 0.9740256E-02
73 1-132 0.7142853E-02 RB-87 0.9740256E-02
T4 AU-196 0.7142853E-02 TC-99 0.9740256E-02
75 TL-201 C.7142853E-02 TE-127 0.9740256E-02
76 PB-210 0.7142853E-02 1-129 0.9740256E-02
77 C-14 0.5357139E-02 1-132 0.9740256E~02
78 CU-64 0+5357139E-02 CS-135 0.9740256E-02
79 1-129 0.5357139E-02 PM-147 0.9740256E-02
86 CS-135 0.5357139E-02 EU-155 0.9740256E-02
81 PM-147 0.5357139E-02 TL-201 0.9740256E-02
82 EU-155 0.5357139E-02 PB~210 0.9740256E-02
. 83 §-35 0.4285712E-02 5-35 0.6493505E-02
84 ND-149 0.4285712E-02 ND-149 0.6493505E-02
: 85 IN-115M  0.3571427E-02 W-181 0.6493505E-02
s 86 W-181 0.3571427E-02 NB-93M 0.4870128E-02
87 PB-203 0.3571427E-02 IN-115M  0.4870128E-02
88 NB-93M 0.3061223E-02 SM-151 0.4870128E-02
b 89 SM-151 0.3061223E-02 PB-203 0.487012BE=02
90 ZR-93 0.2142857E~02 I-134 0.3246753E-02
91  TE-129 0.2142857E-02 ZR-93 N.2435064E-02
92 I[-134 0.2142857E-02 TE-129 0.2435064E-02
93 H-3 0.1071428E-02 NB-97 0.2164501E-02
94 NB-97 0.1071428E-02 H-3 0.194B051E-02
95 _ pU-241 0.1071428E-02 PU-241 0.1948051E-02
96 BRE-T 0.7142858E-03 BE-T 0.9740260E-03
97 CR-51 0.7142858E-03 FE~55 0.9740260E-03
98 FE-55 0.5357142E-03 CR-51 0.9740260E-03
99 _TC-99M 0.4285711E-03 Y=91M 0.6493505E-03
100 Y-S1IM 0.3571426E-03 TC-99M 0.64935056~03
101 RH-103M  0.1071428E-03 RH-103M  0.1948052E-03
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APPENDIX IX, continued

LISTING OF RADIONUCLIDES FOR INDIVIODUAL OURGANS (DDSE/UNIT INTAKE)

GAMMA = 2C.5 TAU = 0. T = 25550C. ORGAN = KIDNFYS
SOLUBLE
INHALATIUN INGESTION
NO. NUCLIDE REM/MICROCI NUCLIDE REM/MICROCI
1 PU-235S 0.8554993¢ 03 PR=-210 0.1172741E 02
2 PU-24C 0.8554993E 03 SR-60  0.1908106E 01
3 PU-238 G.T7245593E 03 PU-239 0.1026599E 00
4 PB-210C 0.46903864E 02 PU-240 0.1026599E 00
5  pyU-241 0.1227937E 02 HG=-203 0.1018432E 90
6 SR-90 0.72544142E G1 PU-238 0.8694834E-01
7 EU-152 0.5C07589E GO TE-129M  0.5925426E-01
8 CE-144 C.294728CE_UO CS-134  0.4368102E~01
9 CD-115M  0.1375715t OC CS-137 0.36R9147E-01
10 TE-129M  O.88B8137E-Cl TE-127M  0.34944R0E-01
11 KG-203 GoBE1T502E-01 NA-22 0.1869029E-01
12 EU-155 0.6472737E-01 TE-125M  0.1329423E-01
13 TE-127M  0.5241720E-01 TE-132 D.1321826E-01
14 RU-106 0.3826836E-01 1-129 0.13042856-01
15 B1-207 0.3760365E-01 MC-69 0.9828232E-02
16 CS-134 0.3276CT5E-01 IN-€5 0.9714264E-02
17 7R-95 0.3221475E-01 TL-204 0.9555228E-02
18 SM-15] 0.3215540E-01 CA-45 D.88770356-02
19 PM—147 0.3136842E-01 SR-89 0.88136356-02
20 __IN-65 0e2914282E-01 CL=36 0.8007091E-02
21 NR-93M 0.2880746E-01 P-32 0.7419035€6-02
22 CS-137 0.2766860E-01 CS-136 0.6884508E~02
23 IN-115 0.2421447E=0] €S-135 0.6580640E-02
24  IR-93 0.2350229E-01 TE-131M  0.4614990E-02
25 TE-125M  C.1994134E-01 RU-106 0.4592199E-02
26 TE-132 0.1982739E-01 RB-87 0.4300892E-02
27 NA-22 0.1401772F-01 FE-59 0.3672960E-02
28 SR-89 6.1175152E-01 1-131 0.3551156E-02
29 FE-59 C.11C1B8RE-C1 $-35 0.2634482E-02
30 TL-20 0.9970672E-02 TC-99 0.2231531E-02
31 I-126 0.97R2135E-02 NA-24 0.1720357€~02
32 Y-91 C.9084973E-02 PU-241 0.1473524E-02
33 M(-99 0.8190192E-02 RI-2G7 0.1410137€-02
34 ND-147 0.8168824E-02 CO-115M  0.1375714E-02
35 CA-45 C.8137282E-02 TL-201 0.1261289F=02
36 NB-95% 0.7952791E-02 PD-109 0.1116714E-02
37 CD-115 0.7311821E-02 K=42 0.8835411E-03
38 TF-131M  0.6922487£-02 MN=54 0.8773815E-03
39 CE-14] C.64097G5E-02 AU-198 0.7883946E-03
40 RU-103 Ca626T276E-02 1-133 9.7760720E-03
41 P-32 0.6231990€-02 C0-60 0.7577704E-03
42  CL-36 0.6005317E-02 RU-103 0.7520728E-03
43 (S-136 0.5163379E~02 AU-196 0.5875572E-03
44  PR-143 0.5127765E-02 C-14 0.5734523E-03
45 (S-135 0.4935417TE-02 Te-127 0.4444069E-03
46 SB-125 0.3715969E-02 S8-125 0.4128853E-03
47 RR-BR7 0.3225669E-02 RH-105 0.3897103E-03
48 1-131 0.2663367E-02 1-135 0.3865489E~03
49  MN-54 0.2632145E-02 SN-125 0.3743365€6-03
50 AU-168 0.23651R4E-02 PB-203 0.3538160E-03
51 TC-99 G.22315316-02 FE~55 0.3195934E-03



167

APPENDIX IX, continued

LISTING UF RADIONUCLIDES FOR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

tr

GAMMA = 2C.5 TAU = 0. T = 25550, ORGAN = KIDNEYS
.. ... .. SOLUBLE , m_
INHALATION INGESTION
NO. NUCLIDE  REM/MICROCI  NUCLIDE REM/MICROCI
52 SN-125 0.2096285E-02 SR-91 0.2676109E-03
53 §-35 0.1975861E-02 RU-105 0.2153664E-03
54 SC-48 0.18160856-02 Cu-64 0.2058231E-03
55 RU-105  0.1794720E-02  EU-152  0.2003036E-03
56 AU-196 0.1762672E-02 IN-115 0.1937158E-03
57 AG-111  0.1756737€-02 1-132  0.1751153E-03
58 PD-109 0.1675072E-02 TE-129 0.1646584E~-03
59 PB-203 0.1415265E-02 H-3 0.1274339E-03
60 TL-201 0.1316128E-02 CE-144 0.1178912E-03
61 CE-143  0.1294525E~02  SR-92 0.9111511E-04
62 NA-24 0.1290268E-02 Ch-115 0.7311816E-04
63 ZR-97  0.126413BE-02 AG-111  0.7026950E-04
64 PM-149 0.1096772E-02 1-134 0.5734524E-04
65 CC-60 0.1010360E-02 PB=204M  0.4909361E-04
66 FE-55 0.9567801E-03 W-187 0.3610624E-04
67 NP-239  0.8T11864E-03  AS=77  0.2734810E-04 _
68 LA-140 0.8474349E-03 EU-155 0.2589096E-04
69 BE-7  0.7905306E-03 MN-56  0.2219471E-04
70 TE-127 0.6666104E-03 W-181 0.2123897E-04
71 K-42 0.6626558E-03 W-185 0.1486728E-04
72 RH-105 0.6495176E-03 IR-95 0.1288590E-04
13 Y-90  0.6332397E-03 SM=151  0.1286216E-04 _
T4 1-133 0.5820540E-03 PM=-147 0.12547376-04
75 SM-153  0.5786545E-03 NB-S3M  0.1154699E-04
76 C-14 0.43C0892E-03 IR=93 0.9400916E-05
77 CU-64 0.4116462E-03 BA-140 0.7264337E-05
78 SR-91 0.3568146E-03 BE-7 0.632424TE-05
79 1-135 0.2899116E-03 ND-147  0.4084414E-05
80 TE-129 0.2469874E~03 Y-91 0.3633989E-05
81 AS-77 0.24613276-03 NB-G5 0.3181117E-05 i
82 PB-204M  0.1963745E-03 RH-103M  0.2922828E-05
83  ND-149 0.1911281E-03 CE-141 0.2563882E-05
84 Y-93 0.1895578E-03 PR-143 0.20511076~05
85 1-132  0.1313364E-03 TC-S9M  0.1111017E-05 )
86 H-3 0.1274339E-03 CR-51 0.9851010E-06
87 SR-92 0.1214868E~03 SC-48 0.7264341E-06
88 wW-187 0.1083188E-03 IN-115M  0.6856024E-06
89 IN-115M  0.8570C27E-04 CE-143 0.5178100E-06
90  GD-159 0.7168151E-04 ZR=97 0.5056555E-06
91 MN=56 _  0.6658415E-04 PM-149 0.43B7090E-06
92  wW-181 "0.6371693E~04 NP-239 0.3484746E-06
93 ¥-92  0.6371690E-04 LA-140 0.3389739E-06
94 CR-51 0.5152838E-04 Y-90 0.2532959E-06
95  W-185 0.4460184E-04 SM-153 0.2314619E-06
96 1-134 0.4300893E-G4 ND- 149 0.9556402E-07
97  BA-140 0.4068027E~04  ¥Y-93 0.75823106-07
98 NB-97 0.3632170E-04 6D-159 0.2867260E-07
99  Y-91M C.8641608BE-05 Y-92  0.2548676E-07
100 RH-103M  0.4871381E-05 NB-97 0.145286BE-07

101 TC-99M 0.1111017E-05 Y-91M 0.3456643E-08
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APPENDIX IX, continued

LISTING OF RADIONUCLIDES FOR INDIVIOUAL GRGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550. ORGAN = LIVER
. o_.._SOLUBLE
INBALATION INGESTION
NG. NUCLIDE  REM/MICROCI NUCLIDE REM/MICROCI
1 PU-23S 0.1208649E 04 PB-210 0.4307852E 01
2 PU-24C C.1208649E 04 SR-50 0.1908106E 01
3 PU-238 0.1G40906E 04 CS-134 0.1450276E 00
4 _PB-210 __G.1548135€ 02 - PU-239  0.1431295E 00
5  PU-241 0.6898226E Cl PU~240 0.1431295E 00
6 SR=90  _ 0.2544142E 01 PU-238  0.1232652E 00
7 CE-144 0.5110227€ 00 €S-137 0.1146211E 00
8 CD-115M  0.1820306E_00 NA-22 0.1869029E-01
9 EU-152 0.1101741E 0C €S-135 0.1865852E-01
10 CS-134 0.1035911E 0C CIN-65  0.1554878E-01
11 C€S-137 0.8187217E-01 I-129 0.1304285€-01
12 IN-65  0.48867576-01  RB-87 _ 0.1272171€-01 _
13 SM-151 0.3154985E-01 CS-136 0.12533256-01
14 FE-59 0.3143678E-01 p-32 0.1238516E-01
15 1ZR-95 0.2711275E-01 FE-59 0.1021695E-01
16 FU-15%5 _ 0.2685696E-01 = CA-45 = 0.8877035E-02
17 PM-147 0.2371759E-01 SR-89 0.8813635E-02
18 NB-93M  0.2346361£-01 , HG-203  0.8727051E-02
19 ND-147 C.1866750E-01 CL-36 0.8007091E-02
20 IN-115 0.1769822E6-01 TE-129M  0.5959239E-02
21 MN-54 0.1661676E~01 MN-54 0.474T644E-02
22 CE-141  Cel40544TE-01 . M0-99 0.4488096E-02
23 NA-22 C.14G1772E-01 i-131 0.3551156E-02
24 CS-135  0.1332751E-C1 CTE-127M  0.3302710E-02
25 BI-207 0.1203515E-01 $-35 0.2634482E-02
26 TE-129M  0.1191849E-01 C0-60 0.2148558E-02
27 SR-89 0.1175152€6-01 CD-115M  0.1820306E-02
28 CD-115 0.1087920E-01 NA-24 0.17203576-02
29 RB-87 0.10177376-01 TE-132 0.1431473E-02
30 P-32 C.9908132E~02 FE-55 0.1395395E~02
31 I-12¢ 0.9762135E-02 TE-125M  0.1256466E-02
32 PR-143 0.9477343E-02 TL-204 0.1121846E-02
33 y-91 0.9084973E-02 PU-241 0.8168952E-03
34 CS-136 0.8952320E-02 . 1-133 0.7760720E~03
35 CA-45 0.8137282E-02 K-42 0.7000314E-03
36 NB-95 0.7840347E-02 C-14 0.5734523E-03
37 HG-203 0.7140316£-02 TE-131M  0.52233C09E-03
38 TE-127M  0.6605420E-02 BI-207 0.4513182E-03
39 7R-93 C.6318730E~02 SB-125 0.4128853E-03
40 C0-60 . 0.6138735E-02 1-135  0.3865489E-03
41 CL-36 0.6005317€-02 RU-106 0.3211331€-03
42 FE-55 0.4293524E~02 SR-91 0.2676109E-03
43 SB-125 0.3715959E-02 AU-198 0.2132401E-03
44 MQ-99 0.3646579E-02 CE-144 0.2129261E-03
45 SC-48 0.3356559E-02 AU-196 0.2073169E-03
46 LA-140 0.3317070E-02 PU-109 0.2073169E~03
47 CE-143 0.3020904E-02 TL-201 0.20462456-03
48 RU-106  0.2890198E-02 TC-99 0.1898162E-03
49 TE-132 0.286294TE-02 SN-125 0.1771617E-03
50 1-131 0.2663367E-02 1-132 0.1751153E-03

51 TE-125M 0.2512933E-02 Ww-185 0.1432371€E-03
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APPENDIX IX, continued

LISTING OF RADIOGNUCLIDES FOR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

Y

A4

b d
(13

GAMMA = 20.5 TAU = 0. T = 25550, ORGAN = LIVER
e SBLUBLE -
INHALATICN INGESTION
NO. _NUCLIDE  REM/MICROCLI  NUCLIDE REM/MICROCI
§2 SM-153 0.2037090E-02 T MN-56 0.1283390E~03
53  S$=35 0.1975861E-02 H-3 0.1274339€-03
54 NA-24 0.1290268E-02 IN-115 0.1238875E-03
55 TL-204  0.1121846E-02  CD-115  0.1087920€E-03
56 TE-131M 0e1044662E-02 RH-105 0.9549143E-04
57 IR-ST7  0.1019533E-02 W-187 0.9477336E-04
58 SN-125 0.9921058E~-03 W-181 0.9135396E~04
59  PM—146 C.8687566E~03 SR-92 0.9111511E-04
60 BE-7 0.8077284E-03 ‘ CU-64 0.9037583F-04
61 RU-103  0.7821887E-03 _RU-103  0.8690984E-04
62 AG-111 0.6565038E-03 PB-203 0.5858143€6-04
63 Y-90 Vo 6332397E~-03  1-134  0.5734524E-04
64 1-1373 0.5820540E-03 EU-152 0.4590585E-04
65  AU-198 0.5331005E~03 TE-127 0.4200185E-04
66 K-42 0.5250233E-03 AG-111 0.2557805E-04
67 AU-196  0.5182924E-03 =~~~ BA-140  0.2374721E-04
68 ND-149 U0.4793461E-03 TE-129 0.16706526-04
_69  W-185 0.4 774572E-03  AS-77 ~ 0.1550837E-04
70 MN-56 0.44918B64E-03 SM-151 0.1226939E-04
71 C-14 0.4300892E~03 EU-155 0.1119C40F-04
72 SR-91 0.3568146E-03 NB8-93M 0.1055862E-04
13 _GD-159 _  0.3331879€-03 ZR-95 0.9489462€-05
74 W-187 0.3159114E-03 PB-204M  0.7963840E-05
.15 PD-1C9 _  06.3109751E-03 _~~ RU-105  0.7263729E-05
76 wW-181 0.3045131E-03 ND-147 0.7179807E-05
77 _NP-239 0.2990300E-03 PM—147 0.,7115277E-05
78 I-135 0.2899116E-03 BE-7 0.646182BE-05
.79 PR-2C3  0.2105271E-03 _CE-141  0.5856024E-05
80 TL-2C1 Ce2046245E-03 PR-143  D.3790937E-05
81 TC-99  0.1898162E-03 Y=91  0.3633989E-05
82 Y-93 0.1B95578E~(3 CR-51 " 0.3530977E-05%
83 CR-51 0.1765489E-03 NB-95 0.3528156E-05
84 RH-105 0.1671100E-03 IR-93 0.2211381E-05
85 AS-T77  0.1378522E-03 . SC-48  0.1258709E-D5
86 CU-64 0.1355637E~-03 CE-143 D.1258709E-D5
87 BA-140 0.1345676E~0G3 . LA-140  0.1243900E-05
88 1-132 0.1313364E-03 SM=153  0.7922017E-06
89 H-3 0.1274339E-03 RH-103M 0.7502896E-06
90 SR-92 0.1214868E-03 IN-115M 0.4774571E-06
291 TE-127  0.8400372E-04 _0.3568364E-06
92 IN-115M 0.6820820E-04 0.2606270E-06
93 RU-105_  0.6537356E-04 i ) 0.2532959E-06
G4  Y-92 0.6371690E~-04 "0.1843639E-06
95  1-134 0.4300893E-04 0.1332751E-06
96 TE-129 0.3341303E~-04 NP-239 0.1150116€-06
.97 NB-S7  0.292936GE-04 _ TC-99M  0.8481140E-07
98 PB-204M  0.2862005E-04 Y-93 0.7582310E-07
99 Y-91IM  0.8641608E-05  Y=92 = 0.254B676E-07
100 RH-1C3M 0.1313007E-05 NB-97 0.1318212E-C7

101 TC-99M 0.8481140E-07 Y-91M D.3456643E~-08
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APPENDIX IX, continued

LISTING OF RACIONUCLIDES FOR INCIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = Ga T = 25550. ORGAN = LUNGS
N  SOLUBLE
INHALATION INGESTION
NU. NUCLIDE REM/MICROCT NUCLIDE REM/MICROCI
1 PU-239 0.217646TE 03 * SR-90 0.1908106E 01
2 _PU-24C C.2171915E 03 PB-210 0.5301245E 00
3 PU-238 0.1840500E 03 PU-239 0.2611759€-01
4 PU-241  D.2694068F 01 _PU-240  0.2606297E-01
5 SR-90C 0.2544142E 01 PU-238 0.2208599E-01
6 PB-210  0.19217ClE 01 __ __  NA-22 0.1869029€E-01 _
7 EU-152 0.9754879E-01 CS-134 0.1502616E-01
8 CE-144 0.6592041E-01 1-129 0.1304285E-01
9  IN-65 0.1977771E-C1 CS-137 0.1242953E-01
.10 _ZR=95 __ 0.1620798t-01 _ CA-45  0.8877035€-02
11 NA-22 C.1401772E-01 SR-89 0.88136356-02
12 _EU-155._ _ 0.13338C8E-Cl _ CL-36  0.8007091E-02
13 SB-125 0.1212637E-01 P-32 0.7419035E-02
14 SR-89 0.1175152E-G1 IN-65 0.6592568E-02
15 CS-134 0.11520C6E-01 C0-60 0.4539829E-02
16 1-129  0.9782135E-62  RB-87  0.4300892E-02
17 C€S-137 0.9529307E-02 1-131 0.3551156E-02
18 Y-91  _0.90B4973E-02 TE-129M  0.2920358E-02
19 FE-59 0.8211657E-02 FE-59 0.2737220E-02
20 _CA-45 0.8137282E-02 $-35 0.2634482E-02
21 SM-151 0.71920456-02 CS-135 0.2029850E-02
22 PM-147 0.7016025E-02  NA-24 0.1720357E-02
23 NR-G3M 0.6355762E=02 HG=-203 0.1632747TE-02
24 P-32 0.623199CE-02  S$B-125 0.1364217E-02
25 CC-60 0.6053109E~02 TE-132 0.1311506E£-02
26 CL-34 0.6005317E-02 TE-127M  0.1104427E-02
27 CD-115M C.566B148E-C2 CS-136 0.9149699E-03
28 NB=95  0.4535846E-02 K-42 0.8835411E-03
25 TE-129M  0.4438940E-02 MN-54 0.8773815E~03
30 RB-87  0.3225669E-02 - M0-99 0.82577G7E-03
31 RU-106 0.289C198E~02 FE-55 0.7796467E-03
32 1-1321 0.2663367E-C2 1-133 0.7760720E-03
33 MN-54 0.26321456-02 C-14 0.5734523E-03
34  IR-93  0.2628322E-02 CTE-131M  0.4884962E-03
35 FE-55 0.?2338939E-02 TE-125M  0.4778770E-03
36 IN-11%  0.21663756-02 I-135  0.3865489E-03
37 SN-125 0.2096285E-02 SN-125 0.3743365E-03
38 TE-132 0.1993489E-C2 PU-241 0.3232881E-03
39 $-35 C.1975861E-02 RU-106 0.3211331€-03
40 TE-127M  0.1678728E-02 TL-204  0.2965690E-03
41 CE-141 0.1672569E-02 SR-S1 0.2676109E-03
42 €S-135 0.1556218E-02 AU-196 0.2637878E-03
43 BI-207 0.1380534£-02 1-132 0.1751153E-03
44 HG=203 0.1371507E-02 AU-198 0.1601418E-03
45 NA-24 0.129C268E-02 H-3 0.1274339E-03
46  ND-147 0.1178763E-02 SR-G2 " 0.9111511E-04
47 PR-143 0e1146904E-G2 RU-103 0.8690984E-04
48 SC-48 0.99292?21E-03 © 1-134  0.5734524E-04
49 LA-140G 0.8474349E-03 CD-115M  0.5668150E-04
50  AU-196 0.7913639E-03 RH-105 0.5649564E=04
51 RU-103 0.7821887E-G3 B1-207 0.5309744F-04

R
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APPENDIX IX,

continued

LISTING OF RADIONUCLIDES FOR INDIVIDUAL ORGANS {(DOSE/UNIT INTAKE)
GAMMA = 20.5 TAY = 0. T = 25%5Q. ORGAN = LUNGS
e SOLUBLE e L
INEALATICON ) INGESTION
NG. _NUCLIDE REM/MICROCIT _ NUCLIDE ~~ REM/MICROCT
52 TE-131M 0.7425142E-03 TL-201 0.4 745103E~04
53  TE-125M 0. 7263729E~03 PD-109 0.4549386E~04
54 (CS-136 0.70147TLE-C3 PB-203 0+4055790FE-04
55  M0-99 .6709388t~03 _CU-64  0.3939829E-04
56 K—42 0.6626558E-03 EU-152 0.3917952E~04
BT _¥Y-9C _ _  G.6332397E~-03 _W-187  0.3610624E-04
S8 1-133 0.5820540E-03 CE-144 0.2636816E-04
59  AU-198 0.4804253E-03 TE-127 0.2421242E-04
60 C-14 0.4300892E-03 MN=-56 0.2219471E-04
61 CD-115  0.41469C9E-03 W-181  0.2123897E-04
62 IR-97 0.3958412E-03 IN-115 0.1733098E-04
63  BE-7 0.380974CE-03 TC-59 0.1548749E-04
64 SR-91 0.3568146E-03 W-185% 0.1486728BE-04
65  CE—143 0.3425048E=-03 TE-129 0.1326905E-04
66 AG-111 0.3313280E-03 BA-140 0.1312225FE-04
67 TL-204 0.318537CE-03 AG-111 0.1274338E-04
68 PM-149 0.3153987E-03 AS-T77 0.1223364E-04
69  1-135 0.2899116E-03 RU-105 0.7263729E-05
70 CR-51 0.2726968E-03 IR-95 0.6483190E~05
71 Y-93 0. 1895578E-03 CR~-51 0.5453939E-05
72 NP-239 0.1793897E~03 PB-204M 0.5350517E-05
73 S$M—-153 0.1553100E-03 EU-155 0.5335231€E~-05
74 PB-203 D.1470225E-03 cu-115 0.4146909E-05
75 1-132 0.1313364E-03 Y-91 0.3633989E-05
76 H-3 0.1274339E~03 BE~-7 0.3047791E-05
17 SR-92 0.1214868E-03 SM-151 0.2876818E-05
78 AS-T77 0.1101027E-03 PM—147 0.2806410E-05
79 wW-187  0.108318R8E-03 NB-93M  0.2542305E-05
8C RH-105 0.9886739E-04 NB~S5 0.1814338E-05
81 PD-1C6S  0.7961424E-04 ZR-93  0.1051329&-05
82 BA-14C 0.7217238E-04 CE~141 0.6690274E-06
83 6D-159 0.7168151E-04 ND-147 0.4715051E-06
84 MN-56 0.6658415E-04 PR-143 0.4587616E-06
85 RU-105 0.6537356E-04 RH-103M 0.4438943E-06
86 W-181 0.6371693E-04 SC-48 0.3971688E-06
87 Y-92 0.6371690E-04 - LA-140 0.3389739E-06
88 CU-b64 0.5487620E-04 Y-5C 0.2532959E-06
89  TL-201 0.5096593E-04 LR-57 0.1583365E-06
S0 W-185 0.4460184E-04 CE-143 0.1370020E~-06
91 1-134 0.4300893E-04 _PM-149  0.1261595E-06
92 TE-127 0«3680289E~04 IN-115M  0.1049205E-06
83. ND-149 = 0.2423895E-04 ~ ~ ¥-93 = 0.7582310E-07
94 TE-129 0.2016894E-04 NP-239 0.7175584E-07
95 PR-204M 0.1939562E-04 $M-153 0.6212400E-07
96 TC-96 0.1548B749E-04 TC-S9M 0.4151964E-07
L9717  IN-115M  0.13115CG7E~-04 GD—-159 0.2867260E-07
98 NB-97 0.1177966E-04 Y-92 0.2548676E-07
89 Y-91IM  0.8641608E-05 ND—-149 0.9695579€E-08
100 RH-103M 0.7768150E-06 NB-G7 0.4711861E-08
101 TC-SSM 0+4151964E-07 Y-91M 0.3456643E-08
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APPENDIX IX, continued

LISTING OF RALIONUCLICES _FOR__INDIVIBUAL ORGANS {(DOSE/UNIT INTAKE)

GAMMA = 20,5 TAU = Ge T = 2555C. ORGAN = LUNG
INSCLUBLE . —
INHALATICON
NO. _  NUCLIDE  REM/MICROCI .
1 Puy-238 0.1883523E 03
2 PU=239 0.1770€46F 03
3 PU-24C 0.1770449E 03
.4 _PB=21C ___0.2700369E 02 - I
5 SR-9C 0.1193916E 01
.6 __RU-1C6 . .. D.1157287E C1 _ . _ e . T
7 CE-144 0.1009995E 01
6 NA-22 0.780]1747L €O
9 C0-60 0.74386GCE 00
_ 10 CS=134 __0.5478287E OO - .
11 RI-207 0.47406414E 0OC
12 CS-137  QD.4454854¢ 00 _
13 EU-152 0.3534488E 00
14 CL-36 0.2855847E 00
15 TL-204 0.2475911€E 00
J.16. 5B-125  0.2415165E 0C L } _
17 2ZR-93 0«21968G8E 00
.leg  y-91 0 0.2111651E 0Ou
19 7ZR-95 0.1972451E 0O
20 TE-129M 0.1966357E 0O
21 IN-115 0.1867286E GO
22 _MN-54  0.1804520E OO }
23 SR-8Y 0.1789334E €O
.24 CD-115M 0.1767553t OC
25 PU-241 0.164558%E 00
26 TE-1271M 0.1640282E 0D
27 BA-14C 0.1482183E 00
28 FE-59 _ 0.126C2C2E 00
29 7IN-65 0.1105927E CO
30 .TC-99 0.1032497E _0OC
31 RB-87 0.9885627E-C1
32 1-125 £.90069Q6E-01
33 EU-155 0.8744978E-01
34 P-32  (C.8069950E-01 o
35 SN-125 0.7735479E-01
36 RU-103 __ 0.1552373E-01 e
37 (C€S8-135 0.7249463E-01
38 PM—-147 C.67U4479E-01
39 NB-95 Ce6448636E-01
40 _C-14 ___0.5931024E-01 _
41 W-185% 0.58657C0E-01
42 CA-45 0.5454886E-01
43 HG-203 0.5158121E-01
44 W-181 C.5145593€E-01
45 TE-125M C.50106696E~01
46 SM-151  0.4568379E-01 )
47 CE-141 0.4162372E-01
_48 _NB-93M_  0.4042817€-01 e
49 CS-13¢6 C.37576S7E-01
50 PR—143 C.36C1646E-01

51 TE-132 0.3138292E-01
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APFENDIX IX, continued

LISTING OF RACIONUCLIDES FOR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550, ORGAN = LUNG
INSCLUBLE B ) -
INHALATION
NC.  NUCLIDE REM/MICROCI e
52 ND-147 0.2835938E-01
53  $-35 0.258695CE-01
54 AG-111 0.24552556-01
55  Y-90 0.2135565E-01
56 1-131 0.2071571E-01
57 SC—48 0.1814894E-01 - -
58 LA-140 0.1668186E-01
59  MG-99 0.1197965E-01
60 CD-115 0.1146941E-01
61 TE-131M  0.1132375E-01 - S
62 H-3 0.10669874E-01
63 _AU-198 0.1C63490E-01
64 IR-97 0.1033706E-01
65  AU-196 0.1028442E-01
66 CE-143 0.9993631E-02
67 PM-149 C.8700930E-02
68 NA-24 0.8604761E-02
69  K-42 C.7108819E-02
70 FE-55 0.6437365E-02
71 Y-93 0.57465C6E-02
72 SR-91 0.54737714E-02
73 BE-7 0.5426209E-02
74 1-133 0.5059905E-02
75  SM-153 0.4589587E-02
76 wW-187 0.3994193E-02
77 AS-77 0.3511424E=02
78 NP-239 0.3347378E-02
79 TL-201 0.3214837€-02 L L
80 CR-51 0.2892412E-02
.81 RH=105 = 0.2610427E-(G2
82 GD-159 0.2251385E-02
83 PD-109 0.2180956E-02
84 Y-62 0.2056933E-02
85 SR=92 0.2011896E-02 -
86 1-135 0.1968871E-02
87 _PB-203 0.1833936E-02
88 RU-105 0.1580113E-02
89 MN-56 0.1307731E-02
90 Cu-64 0.9176908E-03
91 1-132 C.8871586E-03 o -
52 TE-127 0.8539795E-03
.93 ND-149__ 0.7516113€-03 e
94 1-134 0.3623643E-03
95 IN-115M  0.3472778E-03
96 TE-129 C.3406350E-03
_971 _NB-87 0.2986388E-03
S8 PR-204M  0.2537232E-03
.99 _Y-91M  0.1761509E-03
100 RH-103M  0.1912448E-04
101 TC-99M 0.1152978E~04
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APPENDTIX IX, continued

LISTING GF RADIONUCLIDES_ FOR INDIVIDUAL CRGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550. NRGAN = MUSCLE
SOLUBLE
INHALATION INGESTION
NO. NUCLIDE REM/MICRUCT NUCLIDE REM/MICROCI
1 PU-239 0.2176467€ 03 SR-90 0.1908106E 01
2 PU-240 0.2171915E 03 PB-210 0.5301245€ C0
3 pyU-238 C.18405C0E 03 CS-134 0.1689439E 00
4. PU-241 0.2694068F 01 CS-137  0.1042077E 00
5 SR-90 0.2544142€ Ol PU-239 0.2611759€-01
6 PB-210 C.19217C1E 01 PU-240 0.260629TE-01
7 CS-134 0.1267C79E GO PU-238 0.2208599E~-01
8 EU-152 0.9794879E-01 _NA-22 0.1869029E-01
9 (S-137 0.7815576E-01 1-129 0.1304285E-01
10 CE-144 0.65G62041E-01 €S-135 0.1182608E-01
11 ZIN-¢€5 0.20C889TE-01 RB-87 0.1036702E-01
12 ZR-95 0.1620798E-01 CS-136 0.9899866E~02
13 NA-22 0.1401772€E-01 CA-45 0.8877035E-02
14 EU-155 0.1333808E-01 SR-89 0.8813635E-02
15 SR-89 0.1175152£-01 CL-36 0.8007091E-02
16  FE-56 C.11C1888E-01 P-32  0.7419035E-02
17 1-12% 0.9782135E6-02 IN-65 0.6696325E-02
18 Y-91 0.9084973E-02 C0-60 0.4539829€-02
19 C€S-135 0.8869559E-02 FE-59 0.3672960E-02
20 _CA-45 0.8137282E-02 i-131 0.3551156E-02
21 RB-87 C.78328556-02 TE-129M  0.2920358E-02
22 CS-136  C.T424898E-G2 S=35  0.2634482E-02
23 SM-151 0.7192045E-02 K=42 0.1730396E-02
24 PM-147  0.7016C25E-02 NA=24  0.1720357E-02
25 NB-Y3M 0.6355762E-02 HG-203 0.1632747€-02
26 P-32 0.6231690E~02 TE-132 0.1311506E-02
27 C0-60 0.6053109E-C2 TE-12TM  0.1104427E-02
28 CL-36 0.6005317E-02 TL-204 0.1055900E-02
29 CD-115M  0.5668148E-02 MN-54 0.8773815E-03
30 NB-95 0.453534€E-02 M0-G9 0.8257707E-03
31 TE-129M  (.4438%40E-02 1-133 0.7760720E-03
32 SB-125 0.3715969E-02 C-14 0.5734523E-03
33 RU-106 0.2890198E-02 TE-131M  0.4884962E-03
34 1-131 0.2663367E-02 TE-125M  0.4778770E-03
35  MN-54 0.26321456-02 $B-125 0.4128853E-03
36 7R-93 0.2628322E-02 1-135 0.3865489E-03
37 IN-115 0.2166375E~02 SN-125 0.3743365E-03
38 SN-125 0.2096285E-02 PU-241 0.3232881E-03
39 TE-132 0.1993489E-02 RU-106 0.3211331E-C3
40  S$-35 0.1975861E-02 FE-55 0.3195934E~03
41 TE-127M  C.1678728E-02 SR-91 0.2676109E-03
42 Ce-141 C.1672569E-02 AU-196 0.2637878E-03
43  BI-207 0.1380534E-02 TL-2C1 0.2480401E~03
44 HG-203 0.13715C76~02 1-132 0.1751153E-03
45 K=42 0.1304453E-02 AU-198 0.1601418E-03
46 NA-24 0.1290268E-02  H-3 0.1274339E-03
47 ND-147 C.1178763E-02 SR=92 0.9111511E-04
48 PR-143 __ 0.11469C4E-02 _ RU-103  0.8690984E-04
49  TL-204 C.1143892E-02 1-134 0.5734524E-04
50  §C-48 0.9929221€-03 CD-115M  0.5668150E-04

51 fE-55 C+9587801E~-C3 RH-105 0.5649564E~-04
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APPENDIX IX, continued

LISTING OF RADICNUCLIODES FUR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

b

GAMMA = 20.5 TAU = 0. T = 25550. ORGAN = MUSCLE
INHALATION INGESTION
NO. _NUCLIDE = REM/MICROCI _ _~ ~ NUCLIGE = REM/MICROCT
52 LA-14C 0.8474349E-03 BI-207 0.5309744E-04
53  AU-196 0.791363SE-03 1C-99 0.4991160E-04
54 RU-103 0.78216876-03 PD-109 0.4549386E-04
55 TE-131M  0.7425142E-03  PB-203  0.4055790E-04
56 TE-125M  0.7263729E-03 CU-t4 0.3939829E-04
57 MC-99  0.67C9388E-03  EU-152  0.3917952E-04
58 Y-9C 0.6332397E-03 W-187 0.3610624E-04
59  1-133 0.5820540£-03 CE-144 0.2636816E-04
60 AU-198 0.4804253E-03 TE-127 0.2421242E-04
61 C-14  0.4300892E-03  MN-56  0.2219471E-04

62 CD-115 0.4146909E-03 w-181 0.2123897E-04
63 IR-97  0.39584126-03  IN-115  0.1733098E-04

64 BE-T 0.3809740E-03 W-185 0.148672BE-04

65 SR-91 0.3568146E-03 BA-140 0.1401947E-04

66 CE-143 C.3425048E-03 TE-129 0.1326905E-04
67 _AG-111  0.3313280E-03  _ AG=111 _ 0.1274338E-04

68  PM-149 0.3153987E-03 AS=T7 0.1223364E-04
69 I-135 _ 0.2899116E-03  RU-105 _ 0.7263729E-05

70 TL-201 0.2687103E-03 IR-95 0.6483190E-05

71 Y-93 0.1895578£-03 PB-204M _ 0.5350517E-05

72 NP-239 G.1793897E-03 EU-155 0.5335231E-05
73 _CR-51  0.1765489E-03  CD-115  0.4146909E-05

74  SM-153 0.155310CE-03 Y-91 0.3633989E-05

‘75 PB-203  0.14702256-03 __  CR-51 0.3530977E~05

76 1-132 0.1313364E-03 BE-7 0.3047T791E-05

77 __H-3 0.1274339E-03 SM-151 0.2876818E-05

78 SR-92 0.1214868E-03 PM—147 0.2806410E-05

79 AS-77  0.1101027E-03 . NB-93M  0.2542305E-05

80 W-187 0.1083188E-03 NB-95 0.1814338E~05

81 RH-105 0.9886739E-04  TC=99M  0.1529205E-05

82 PD-1CS C.7561424E-04 ZR-93 0.1051329E-05

83  BA-14D 0.7757437E-04 CE-141 0.6690274E-06

84 GD-159 0.71681516-04 - ND-147 0.4715051E-06
85 MN-56  0.66584156-04  PR-143  0.4587616E-06

86 RU-105 0.6537356E-04 RH=103M  0.4438943E-06

87 W-181 0.6371693E-04 . SC-48  0.3971688E-06

88  Y-92 0.637169CE~04 LA-140 0.3389739E-06

89 CU-64 0.5487620E-04 Y=90 0.2532959E-06

90 TC-99 0.4991160E-04 ZR-97 0.1583365E-06

91 W-185 __ 0.4460184E-04 CE-143  0.1370020E-06

92 1-134 0.43008Y3E~04 PM-149 0.1261595E-06

93 TE-127  0.36B0289E-04 IN-115M  0.1049205E-06

94 ND-149 0.24238$56-04 Y-93 0.7582310E-07

95  TE-129 0.2016894E-04 NP=239 0.7175584E-07

56 PB-204M  0.1939562E-04 SM-153 0.6212400€~07

G7 IN-115M  0.1311507E-U4 GD-159  0.286T260E-07
98 NB-97 0.1177966E-04 Y-92 0.2548676E~07

9 Y-91M  0.8641608E-05  ND-149  0.9695579E-08
100 TC-SSM 0.1529205E-05 NB-97 0.4711861E-08

101 RH-1C3M 0.7768150E-06 Y-91M 0.3456643E-08

[}
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APPENDIX IX, continued

LISTING UF RADIONUCLIDES FOR _INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550, ORGAN = OVARIES
el __SGLUBLE ___ S
INHALATICN INGESTION
NO. _NUCLIDE . REM/MICROCIE _  NUCLIDE REM/MICROCI
1 PU-239 0.2176467E 03 SR-90 0.1908106E 01
2 PU-240 0.2171915F 03 PB-210 0.5301245€ 00
3 pPU-238 0.1840500E 03 CS-134 0.7592928E-01
4 PU-241  _  0.2694068E Ol CS-137  0.4385849E-01
5  SR-90 0.2544142E 01 PU-239 0.2611759E-01
.6 _PB-21C _ 0.19217ClE 1 PU-24C  D.2606297E-01
7 EU-152 0.9754879E-01 PU-238 0.2208599E-01
8 Ct-144 0.6592041E-01 NA=-22 0.1869029E£-01
S CS-134 0.5694696E-G1 [-129 0.1304285E-01
10 CS-137 _ 0.3289387£-01 CA-45 0.8877035E-02
11 ZRrR-95 0.1620798E-01 SR—89 0.8813635E-02
12 NA-22 ___ 0.1401772E-01 CL-36 0.8007091E-02
13 EU-155 0.13338C8E-0l cs-136 0.7592931E-02
14 SR—89 0.1175152E-01 P-32 0.7419035E-02
15 FE-56 0.1101888E-01 €S-135 0.4906204E-02
16 _1-129 _ 0.9782135e-02 _ _ __C0-60____ 0.4539829€E-02
17 Y-91 C.9084973E-02 RB-87 0.4300892E~-02
18 CA-45 _  _0.8137282E-02 FE-59 0+3672960E-02
19 B8A-140 0.7317673E-C2 1-131 0.3551156E-02
20 SM-151 0.7192045E-02 TE-129M  0.2920358E-02
21 PM-147 0.7016025E-C2 S-35% 0.2634482E-02
22 NB-93M  0.6355762£-02  NA-24  0.1720357€E-02
23 Pp-32 0.623199CE-02 HG-203 0.16327476-02
24 CD-60  0.6G53109E-C2 IN-65 = 0.1544150E-02
25 CL-3¢ 0.6G05317TE-02 TE-132 0.13115C6E-02
26 CS-136 0.5654699E-02 BA-140 0.1306728E-02
27 CD-115M  0.5663148E-02 TE-127M  0.1104427E-02
28  IN-6% 0.4632447E-02 K-42  0.8835411E-03
29 NB-95 0.4535846E-02 MN-54 0.87738156-03
30 TE-129M  0.4438G40E-02 MO-99 0.8257707E-03
31  S$B-125 0.3715969E-02 1-133 0.7760720E-03
32 (€S-135 0.3679653E=02 TL-204 0.5973463E-03
33 RB-87 0.3225669E~02 C-14 0.5734523E-03
34 RU-106 __ 0.2890198t-02 TE-131M  0.4884962E-03
35 1-131 Ce266336TE-02 TE-125M  0.4778770E-03
3¢ MN-54 0.2632145E-02  SB-125  0.4128853E-03
37 ZR-93 U.2628322E-02 I-135 0.3865489E-03
38 IN-115 Ue21663756=02 SN-125 0.3743365E-03
39 SN-125 0.2096285£-02 PU-241 0.3232881E-03
40 TE-132  0.1993489E-02 RU-106 0.3211331€-03
41 $-35 C.1975R61E~02 FE-55 0.3195934E-03
42 TE-127M  0.1678728E~-02 SR-91 0.2676109E-03
43  CE-141 0.1672569E~02 AU-196 C.2637878E-03
44 B1-207 0.1380534E-02 1-132 0.1751153E-03
4% HG-203 0.1371507E-02 AU-1698 0.1601418E-03
46 NA-24  0.1290268E-02 TL-201 0.1543540E-03
47 ND-147 0.1178763E-02 H-3 0.1274339¢-03
48 PR-143 _ 0.1146904E-02 SR—$2  0.9111511€E-04
49 SC-48 0.9929221E-03 RU-103 0.8690984E-04
50 FE-55 0.9587801E-03 1-134 0.5734524E-04
51 LA-140 0.8474349E-03 CO-115M  0.5668150E~D4
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APPENDIX IX,

continued

LISTING OF RADIONUCLIDES FOR INDIVIDUAL ORGANS {DOSE/UNIT INTAKE)
GAMMA = 20.5 TAU = (618 T = 25550, ORGAN = OVARITES
... ___ SOLUBLE o o
INEALATICN INGESTIDON
NO. NUCLIDE _ REM/MICROCI  NUCLIDE — REM/MICROCI
52 AU~-196 0.7913639E-03 RH-105 0.5649564E-04
53 RU~1C3 0.7821887E-03 BI-207 0«5309744E-04
54 TE-131M CeT425142E-03 TC-99 - 0.4991160E-04
55 TE-125M  0,72€3729€-03  PD-109  0.4549386E-04
56 M(-99 Ce6709388£~-03 PR-203 0. 4055790E~04
57 K-42 0.6626558E-03 CU-64  0.3939829E-04
58 TL-204 0.6371692E-03 EU~152  0.3917952E-04
59 Y-90 C.6332397E-03 W—187 0.3610624E-04
60 I-133 0.5820540E~03 CE-1l44 0.2636816E-04
61 AU-198  0.4804253E-03  TE-127  0.2421242E-04
62 C-~14 U«4300892E-03 MN-56 0.2219471E-04
63 CD-115  0.4146909E-03 _W-181  0.2123897E-04
64 IR-97 0.3958412E-03 IN-115 0.1733098E-04
65 BE-T C.3809740E-03 W-185 De.1486728E-04
66 SR-91 0.3568146E~G3 TE-129 0.1326905E-04
67 CE-143  (.3425048E-03 . AG-111 0.1274338E-04
68 AG-111 0.3313280E-03 TAS-T7 ND.1223364E-04
65 PM=149  0.3153987E-(3 __RU=105  0.7263729E-05 _
70 [-135 0.2899116E-03 IR-95 0.6483190E-05
71 Y-93 0.1895578E-03 PB—204M D.5350517E-05
72 NP-239 C.1793897E-03 EU-155 0.5335231E-05
73 CR-51 0«1765489E-03 Cb-115 D+4146309E-05
74 TL-201 0.1646443E-03 ¥Y-91 0.3633989E-05
_ 75 SM-153  0.15531C0E=03 CR-51 0.3530977€-05
16 PB-203 0.1470225E-03 BE-7 0.3047791E-05
17 1-132 0.1313364E-03 SM—151 0.2876818E-05
78 H-3 Ce1274339E~03 PM-147 0.2806410E-05
79 SR-92_  0.1214868E-03 NB-93M _ 0,2542305€-05
80 AS-77 0.1101527E-0C3 NB-95 0.1814338E~-05
81 W-187  0.10831886-03 TC-99M 0.1529205E-05
82 RH-105 0.9886739E~04 /ZR-93 0.1051329E-05
83 PD-109 0.7961424E~-04 CE-141 0.6690274E-06
84 6D-159 0.7168151E-04 ND-147 0.4715051E-06
85 MN-56  0.6658415E-04  PR-143  0,458T616E-06
86 RU*=105 C.6537356E-04 RH=-103M 0.4438943E-06
87 W-181  0.6371693t-04  SC-48  0.3971688E-06
88 Y-92 0.6371690E~-04 LA-140  0.3389739E-06
89 CU-64 0.5487620E-04 Y-90 0.2532959E-06
50 TC-%9 0«4991160E-04 IR-G7 0.1583365E-06
91 W-185 _ 0.44601R4E-04  CE-143  0.1370020E-06
92 I1-134 C.43C089393E-04 PM—-149 0.1261595E-06
93 TE-127_ 0.368028%E-04 _ _ IN-115M _ 0.1049205E-06
94 ND-149 0e2423895E-C4 Y-93 0.7582310E-07
95 TE-129 U«2016894E-04 NP—239 Q.7175584E-0Q7
96 PR-204M 0.1939562E~-04 SM—-153 0.6212400E-07
97 IN-115M  0.1311507E-04 _  GD-159  0.2867260E-07
98 NB-97 Ceall77966E-04 Y-92 0.25486T6E~-07
99 Y-91M  0.B8641608E-05 ND-149 0.9695579E-08
100 TC-99M 0.1529205—-05 NB-97 0.4711861E-08
101 RH-103M 0.77168150E-06 Y-91M 0.3456643E-08



APPENDIX IX, continued

LISTING OF RADIONUCLIDES #0OR_INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 2555C. ORGAN = SPLFEN
L ___SOLUBLE
INFALATION INGESTION
_ NU. _NUCLIDE __ REM/MICROCI NUCLIDE REM/MICROCI
1 PU-239 0.2176467E 03 SR-60 0.1908106F 01
2 PU-24C 0.2171915E 03 PB-210 0.5301245€ 00
3 PU-238 0.1840500F 03 CS—-134 0.8560473E-01
4 Py-241 _0.2694068E 01 €S-137  0.7589811E-01
5 SR-90 0.2544142E 01 PU-239 0.2611759E-01
6 __PB-210_ _ 0.19217ClE 01 PU-240  0.2606297E-01
7 EU-152 0.97%4875E-01 PU-238 0.2208599E-01
8 CE-144 0.6592041F-01 NA-22 0.1869029E~-01
9 (S-134  0.65C586CE-01 C5-135 0.1367815E-01
10 _CS5-137 __ 0.5768257E-01 _ TE-129M  0.1319599€E-01
11 FE-56 0.3615193F-01 i-129 0.1304285E-01
12 NB-93M _ 0.2430C93€-01  FE-59  0,1205065E~01
13 TE-126M  (€.2005791E-01 HG-203 0.1040453E-01
14 IN-65 0.1977771E-01 CA-45 0.88770356-02
15 IN-115 C.1725629E-01 SR-89 0.8813635E-02
__l6 ZR-95  _ 0.1721823£-01 _CL-36 0.8007091€~-02
17 NA-22 C+14G1772E-01 TE-127M  0.7782243E-02
18 EU-155 _ 0.13338086-01 _ __ _ P=-32 0.7419035€-02
19 ZR-63 0.1256157E-01 CS-136 0.7052660E-02
20 TE—-127M _ C.1182901E-01 RB-87 0.6851759€~02
21 SR-89 0.1175152E-01 IN-65 0.6592568E-02
272 CS-135  0.1039540E-01 ~ I-131  0.3551156E-02
23 1-129 0.9782135E-02 TE-125M  0.2960639E-02
24 _Y-91 __ 0.9084973E-02 _ TE-132  0.2943721€E-02
25 CA-45 0.8137282t-02 S-35 0.2634482E-02
26 SM-151 0.7192045E-02 FE-55 . 0.2133352E-02
27 PM-147 C.7016C25E-02 NA-24 0.1720357F-02
28 FE-55  (.6400052E-02 K=42  0.1319598E-02
29 Pp-32 0.6231990E-02 TE-131M  0.1015076E-02
30 CL-36  (.6005317€-02 C0-60  0.9450358E-03
31 NB-95 0.5718261E-02 MN-54 0.8773815E-03
32 CD-115M  0.566814BE-02 MO-G9 0.8257707E-03
33 (CS-136 0+5360022E~02 I-133 0.7760720E-03
.34  HG-203 = 0.5202264E-02 CU-64  0.6039704E-03 _
35 RB-87 0.5133822E-02 TL-204 0.5973463E-03
_ 36 _TE-125M_ 0.45C0169€-02 _ C-14  0.5734523€-03
37 TE-132 0.44T4454E-02 S8-125 0.4128853E-03
38 SB-125 0.3715969E-02 1-135 0.3865489E-03
39 BI-207 C.36288S56-02 SN-125 0.37433656-03
40 RU-106  0.2890198E-02 _ PU-241  0.3232881E-03
41 [-131 0.2663367E-02 RU-106 0.3211331E-03
42  MN=54  0.2632145E-02 SR-91 0.2676109E-03
43 SN-125 0.20G6285E-02 AU-198 0.2341018E-03
44 S5-35 0.1975861£=02 RH-105 0.2282229E-03
45 CE-141 0.1672569E-02 PD-109 0.1954020E-03
46 TE-131M  0.1542916E~C2 1-132 0.1751153E-03
47 NA-24 0.1290268E-02 AU-196 0.1744662E-03
48 CG-60__ 0.1260048BE-C2 ~ TL-201  0.1543540E-03
49 ND-147 0.1178763E-02 BI-207 0.1395729E-03
50 PR-143 0.11465C4E-02 IN-115 0.1380503E-03
51 SC-48 0.9929221t-03 H=-3 0.1274339E6-03
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APPENDIX IX, continued

LISTING OF RADIONUCLIDES FOR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)
GAMMA = 20.5 TAU = 0. T = 25550. ORGAN = SPLEEN
o _ SOLUBLE - -
INHALATIGN ‘ INGESTION

NO. NUCLIDE __ REM/MICROCI _ NUCLIDE __ REM/MICROCI

52 K-42 0.9896993E-03 TE-127 0.9896995E-04

53  CU-064 0.90595576-03 SR-52 0.9111511E-04

54 LA-140 0.8474349E-03 RU-103  0.8690984E-0%

55  RU-103 0.78218B7E-03 1-134 0.5734524E-04

56 AU-198 0.7023055E-03 CO-115M  0.5668150E-04
57 _IR-97 0.6756603E-03 ~TC-%9 0+4991160E-04

58 M0O-99 0.67G9388E-03 PB-203  0.4055790E-04%

59  TL-204 0.6371692E-03 EU-152 D.3917952E-04

60 Y-9C 0.63323976-03 TE-129 0.3666962E-04

61 [-133 0.5820540E-03 W-187 0.3610624E-04

62 AU-196 0.5233986E-03 CE-144 0.2636816E-04

63 C-14 0.4300892E-03 MN=56 0.2219471E~04

64 CD-115 0.4146909E-03 W-181 0.21238976-04

65 RH-105 0.3993900E-03 W—185 0.1486728E-04

66 SR-91 0.3568146E-03 AG-111 0.127433BE-04

67  CE-143 0.3425048E-03 AS-T77 0.1223364E-04

68 PD-109 0.3419535E-03 NB-93M 0.9720374E-05

69 AG-111 0.3313280E-03 BA-140 0.8120608E-05

70  PM-149 0.3153987E-03 RU-105 0.7263729E-05

71 1-135 0.2899116E-03 IR-95 0.6887293E-05

72 Y-93 0.1895578E-03 PB-204M  0.5350517E-05

73 NP-239  0.17938S7E-03 EU-155 0.5335231E-05

74 CR-51 0.1765489E-03 ZR-93 0.502462BE-05

75 _TL-201 0.1646443E-03 CD-115 0.4146909E-05

76 SM-153 0.15531C0E-03 Y-91 0.3633989E-05

77 TE-127 0.1504343E-03 CR-51 0.3530977E-05

78 PB-203 0.14702256-03 SM-151 0.2876818E-05
79 1-132  0.1313364E-03 PM-147 0.2806410E-05

80 H-3 0.1274339E-03 NB=95 0.2287304E-05
8L BE-7 _ 0.12434686-03 _ RH-103M _ 0,1735780E-05

82 SR-92 0.1214863E-03 TC-99M  0.1529205E-05

83  AS-77 0.1101027E-03 BE-7 0.9947744E-06

84 W-187 0.1C83188E-03 CE-141 0.66902 74E-06
_B5 IN-115M  Q.7634220E-04 IN-115M  0.,6107377E-06

86 GD-159 0.7168151E-04 ND-147 0.4715051E-06
8T MN-56  0.6658415E-04 PR—143 0.4587616E-06

88 RU-105 0.6537356E~04 SC-48 0.3971688E-06

89  w-181 0.6371693E~04 LA-140 0.3389739E-06

90 Y-92 0.6371690E-04 ZR-97 0.2702641E-06
9L TE-129 _0.5573782E-04 _  Y=90 __  0.2532959E-06
92 TC-99 0.4991160E-04 c& 143 0.1370020E-06

93 BA-140_  0.4547539E-04  _ PM-149  0.1261595E-06

S4  W-185 0+4460184E-04 Y 93 0.7582310E-07

95 1-134 0.430C893E-04 NP-239 0.7175584E~07

96 NB-97 0.258B444E-04 SM-153 0.6212400E-07
97 __ND=149 _  0.2423895E-04 _ 6D-159  0.2867260E-07
98 PB-204M  0.1939562E-04 Y-92 0.25486T6E-07
99 _Y-91M  0.6641608E-05 NB-97 0.1035378E-07

100 RH-103M  0.3037615E-05 ND-149 0+9695579E-08

101 TC~99M 9.1529205E-05 Y-91M 0.3456643E-08




180

APPENDIX IX, continued

LISTING OF RACIONUCLIUES FOR INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = O. T = 25550 ORGAN = TESTES
INEALATION INGESTION
‘NO.  NUCLIDE  REM/MICRGCI  NUCLIDE = REM/MICROCT
1 PU-23S 0.2176467E 03 SR~90 0.1908106E 01
2 PU-24C 0.2171915E 03 PR-210 0.5301245E 00
3 pU-238 0.1840500E 03 CS-134 0.7592928E-01
4 _PU-24l  0.2694068E 01 __LS—-137 . 0.4385849E-01
5 SR-90 0.2544142E Q1 PU-239 0.2611759€-01
6. PB-21G  0.19217C1t 01 _PU=240  0.2606297E-D1 ____
7 EU-152 0.9754879E-C1 PU~238 0.2203599E-01
8 CE-l44 0.6592041E-01 TE-129M 0.196564TE-01
9 (S-134 0.5694696E-01 NA-22 0.1869029£-01
10 £S-137 _ 0.3285387E-01 S$-35  0.1320383E-01
11 TE-126M 0.2882950E-01 1-129 0.1304785E-01
12 _IR-95 ___ 0.1620798E-Cl . _ CA=45_ _  0.8877035E-02
13 NA-22 G.14C1772E-C1 SR~-89Y 0.8813635E-02
14 EU-155 0.1333808E~C1 CL-36 0.B007091E-02
15 SR-BY 0.1175152E-01 €S-136 0.7592931E-02
16  FE=-59 £.1101888E-01 _ P=32  0.74190358-02
17 5$-35 0.9953655E~02 €S-135 0.4906204E-02
18 I-12S . _0.9782135E-02 _ CO-60  0.4539829E-02
19 Y-91 0.90R4973E-02 RB-87T 0.4300892E-02
20 CA-45 0.8137282E-02 TE-125M D.3917050E-02
21  BA-140 0.7317673E-02 TE-132 0.3769271E-02
22 SM-151 _ 0.7192045€-02  __ FE-55 = 0.3672960€-02
23 PM=-147 0.7016025E-02 I-131 0.3551156E~-02
24 _NB=Y3M___ 0.6355762E-02  __  NA-24 _0.1720357€-02
25 pP-37 0.62341990E-02 HG=-203 0.1632747E-02
26 _C0-60 0.6053109E-C2 IN=65 0.1531495E-02
27 CL-36 0.6005317TE-02 BA-140 0.1306728E-02
28 TE-125M  0.5745005E-02 _ TE-127M 0.1104427€E-02
29 (S-136 0.56546GSE-02 K—42 0.8835411E-03
30 CD-115M  0.566Bl48E-02 MN-54  0.8773815E-03
31 TE-132 0.5528264E-02 MO-99 0.8257707E-03
32 IN=65 0.4594482E-02 I-133 0.7760720E-03
33 NB-95% 0.4535846E-02 TL-2G4 0.5973463E-03
34 S$B-125  0.3715969€-02 _  C-14  0.5734523E-63
35 (S-135 0.3679653E-02 TE-131M 0.4884962€E~-03
36 RB-87  0.3225669E-02 _  _SB-125  0.4128853€-03
37 RU-106 0.2890198E-02 1-135 0.3865489E-03
38 1-131 0.2663367E-02 SN=125 0.3743365E-03
39  MN-54 0.2632145E-02 puU-241 0.3232881E-03
40 ZR-93  0.2628322E-02 _ _RU-106 _  0.3211331E-03
41 IN-115 0.2166375E-02 FE-55 0.3195934E-03
42 SN-125 _  C.2096285E-02 SR-91  0.2676109E-03
43  TE-127M 0.1678728E-02 AU-196 0.2637878E-03
44 CE-141 0 1672569E-02 [-132 0.1751153€E-03
45 BI-207 0.1380534E-02 TE-127 0.1666527E-03
46 HG—203 __ 0.1371507E-02 =  _  AU-198  0.1601418E-03
47 NA-24 0.1290268E-02 TL-201 0.1543540E-03
4B ND—147  0.1178763E-02  H=3  0.1274339E-03
49 PR~-143 0.1146904E-G2 SR-92 0.9111511E-04
50  SC-48 0.9929221E-03 RU-103 0.8690984E-04
51 FE-55 0.9587801E-03 I-134 0.5734524E—-04
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APPENDIX IX, continued

LISTING OF RADIONUCLIDES FOR INDIVIDUAL ORGANS ({DOSE/UNIT INTAKE)

3

GAMMA = 20.5 TAU = . T = 25550, ORGAN = TESTVES

— SOLUBLE
INEALATION INGESTION

NO. NUCLIDE REM/MICROCI ~ NUCLIDE _ REM/MICROCI
52 LA-140 0.8474349E-03 CD-115M  0.5668150E-04
53  AU-196 0.7913€39E-03 RH-105 0.5649564E-04
54 RU-103 0.7821B87E~-03 TE-129 0.5448257E-04
55 TE-131M  0.7425142E-03 BI-207 0.5309744E-04
56 M0-99 0.67CI388E-03 TC-99 0.4991160E~04

57 K-42 0.6626558E-03 _PD-109  0.4549386E-04
58 TL-204 0.6371692E-03 PB-203 0.4055790E~04
59 Y-90 0.6332397E-03 CU-64 0.3939829E-04
60 1-133 0.5820540E-03 EU-152 0.3917952E-04
61  AU-198 0.4804253E~03 W-187 0.3610624E-04
62 C-16 0.43008926-03 CE-144 0.2636816E~04
63 CD-115 0.4146909E-03 MN-56 0.2219471E-04
64 7R-97 0.3958412E-03 W-181 0.2123897E-04
65 BE-T 0.380G9740E-03 IN-115 0.1733098E-04
66 SR-91 0.3568146E-03 W-185 0.14B6728E-04
67 CE-143 0.3425048E-03 AG-111 0.1274338E~04
68 AG-111 0.3313280E~03 AS-T7 0.1223364F-04
69 _PM=-149 0.3153987E-03 RU-105 0.7263729E-05
70 1-135 C.2899116E-03 1R-95 0.6483190E-05
71 TE-127 0.2444237E-03 PB-204M  0.5350517E-05
72 Y-93 0.1895578E-03 EU-155 0.5335231E-05
73 NP-239 0.1793897E-03 CD-115 0.4146909E-05
74 CR-51 0.1765489E-03 Y-91 0.3633989E-05
75 TL-201 0.1646443E-03 CR-51 0.3530977E-05
76 SM-153 0.1553100E-03 BE-7 0.3047791E-05
77 PB-2C3 0.1470225E-03 SM-151 0.2876818E-05
78 1-132 0.1313364E-03 PM-147 0.2806410E-05
79 H-3 0.1274339E6-03 NB-93M 0.2542305E~05
80 SR-92 0.1214868E-03 NB-S5 0.1814338E-05
81 AS-77 0.1101027E-03 TC-S9M 0.1529205E-05
82 wW-187 0.1083188E-03 ZR=93 0.1051329E-05
83 RH-105 0.9886739E-04 CE-141 0.6690274E-06
84 TE-129 0.79907B0E-04 ND-147 0.4715051E-06
85 PD-109 0.7961424E~C4 PR-143 0.4587616E-06
86 GD-159 0.7168151E-04 RH-103M  0.4438943E-06
87  MN-56 0.6658415E-04 SC-48 0.3971688E-06
88 RU-105 0.6537356E-04 LA-140 D.3389739E-06
89  w-181 0.6371693E~04 Y=90 0.2532959E-06
90 Y-92 0.6371690E~04 IR-97 0.1583365E-06
91  CU-64 0.5487620E-04 . CE-143 0.1370020E-06
92  1€-99 0.4991160E-04 PM-149 0.12615956-06
93 W-185 0.4460184E-04 IN-115M  0.1049205E-06
94 I-134 0.4300893E-04 Y-93 0.7582310E-07
95 ND—146 0.2423895E-04 NP-239 0.7175584E-07
96 PB-204M  0.1939562E-04 SM-153 0.6212400€-07
97 IN-115M  0.1311507E-04 GD-159 0.2867260E-07
98 NB-97 0.1177966E~04 Y-92 0.25486T6E-0T
99  Y-91M 0.8641608E-05 ND-149 0.96955T9E-08
100 TC-99M 0.1529205E-05 NB=97 0.4711861E-08

101 RH-103M 0.7768150E-06 Y-91M 0.3456643E-08
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APPENDIX IX, continued

LISTING OF RACIONUCLIDES FUR

INDIVIDUAL ORGANS (DOSE/UNIT INTAKE)

GAMMA = 20.5 TAU = 0. T = 25550C. ORGAN = THYROID
SGLUBLE
INHALATION INGESTION
NO. NUCLICE REM/MICROCI NUCLIDE REM/MICROCT
1 PU-236 C.2176467E 03 1-129 0.1354111E 02
2 PU-240C Ce2171915E 03 1-131_ 025223656 01
3 puU-238 0.184G500E 03 SR-90 0.1908106F 01
4 I-129 0.1038152L 02 1-133 0.6779212E 00
5 pu-241 0.26G4C68E Ol PB-210 0.5301245E €O
6 SR-90 0.2544142E 01 1-135 0.2101008E 00
7 I-131 0.1933813E 01 1-132 0.9098113E-01
8  PB-210 0.19217C1E ¢1 CS-134 0.7592928E-01
9 1-133 0.51673G6E 0O €S-137 0.4385849€-01
10 I1-135 0.1610773E €O 1-134 0.425973TE-01
11 EU-152 0.97S4879E-01 PU-239 C.2611759E-01
12 1-132 C.6975216E-C1 PU-240 0.2606297E~01
13 CE-144 0.6592041E-01 PU-238 0.2208599E-01
14 CS-134 0.5694666E-01 NA-22 0.1869029E-01
15 CS-137 0.3289367E-01 CA=45 0.8877035€-07
16 1-134  0.3265798E-01 SKR-89 0.8813635E-02
17  IN-65 0.1977771E-01 CL-36 0.8007091E-02
18 ZR-95 0.1620798E-01 CS-136 0.7592931E-02
19 NA-22 0.1401772E-01 P-32 0.7419035E-02
20 EU-155 0e1333B08F-01 IN-65 0.6592568E-02
21 SR-8S 0.1175152E-01 TE-129M  0.5805664E-02
22 FE-59 G.1101888E-01 €C$-135 0.4906204E-02
23 Y-91 C.90R4973E-02 CO-6C 0.4539829E-02
24 TE-129M  0.8824617E-02 RB=57 0.4300892E-07
25  CA-45 0.9137282E-02 FE-59 0.3672960E-02
26 BA-140 0.7317673E-02 TE-127M  0.2994225E-02
27 SM-151 0.71G2345E-02 5-35 0.2634482E-02
28 PM-147 Co 7C16025E-C2 TE-132 0.2135640£-02
26 NB=93M 0.6355762E-02 NA-24 0.1720357E-02
30 P-32 C.6231990E-02 HG-203 0.1632747E-02
31 G0-60 0.6053109F-02 BA-140 0.1306728E-02
32 CL-36 0.6005317£=-02 TE-125M  0.1031744E-02
33 CS-136 0.5694699E-02 TE-131M  0.9126966FE-03
34 CD-115M  0.5668148E-02 K-42 0.8835411E-03
35 TE-127M  0.4551221F=02 MN-54 0.8773815E-03
36 NB-95 0.4535846E-02 MO-99 0.8257707E-03
37 €S-135 0.3679653E-02 TL-204 0.5973463E-03
38 TE-132 0.3246173E-02 C-14 0.5734523E-03
39 RB-87 0.3225669E-02 PU-241 0.3232881E-03
40 RU-1G6 Ce2890198E-02 RU-106 0.3211331E-03
41 MN-54 0.2632145E-02 FE-55 0.3195934E-03
42  IR-93 G.2628322E-02 SR-91 N.2676109E-03
43  S$-35% 0.1975861E-02 AU-196 N.2637878E-03
44  CE-141 0e1672569E=02 SN-125 0.1878787E-03
45 TE-125M  C.1568252E-02 AU-198 0.1601418E-03
46 TE-131F  0.1387799£-02 TL-201 0.1543540E-03
47 81-207 0.13H0534E-02 H-3 0.1274339E-03
48 HG-203 0.1371507E-02 Te-127 0.1067820E~03
49 NA-24 0.129C263E~02 SR-92 9.9111511€E-04
50  ND-147 0.1178763E=02 RU-103 0.8690984E-04
51 PR-143 0ell46G04E-02 CO-115M 0.5668150E-04
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APPENDIX IX, continued

LISTING OF RACIONUCLIDES FOR INDIVIDUAL ORGANS {(DOSE/UNIT INTAKE)

o

14

GAMMA = 20.5 TAU = 0. T = 25550, ORGAN = THYROID
. ... SOLUBLE o o
INHALATION INGESTION
NO. NUCLIDE  REM/MICROCI  NUCLIDE  REM/MICROCI
52 SN-125 0.1052120E-02 RH-105 0.5649564E-04
53 SC-48 0.9929221£-03 BI-207 0.5309744E-04
54 FE-55 0.9587801E-03 . T1C-99 0.4991160E-04
55  LA-14C  0.8474349E-03  PD-109  0.4549386E-04
56 AU-196 0.7913639E-03 PB-203 0.4055790E-04
57 RU-103  0.7821887E-03  CU-64  0.3939829E-04
58 IN-115 0.6868683E-03 EU-152  0.3917952E-04
59 M0-G9 0.6709388E~03 TE-129 0.3679650E-04
60 K-42 0.6626553E-03 W-187 0.3610624E-04
61 TL-20C4  0.6371692E-03  CE-144  0.2636816E-04
62 Y-90 0.63323976-03 MN-56 D.22194T1E-04
63 _AU-198 _ 0.4804253E-03  W-18l  0.2123897E-04
64 C-14 0.4300892E-03 W-185 0.1486T728E~04
65 CD-115 0.4146909E~03 AG-111 0.1274338E-04
66 IR-97 0.3958412E-03 AS-T7 0.1223364E-04
67 BE-T__ 0.38097T40E-03 _ __ RU-105 _ 0.7263729E-05 _
68 SR-91 0.3568146E~03 ZR-95 0.6483190E-05
69 CE-143  0.3425C48E-03  IN-115 _ 0.5494947E-05
70 AG-111 0.3313280E~-03 TPB=204M  0.5350517E-05
71 PM-149 0.3153987E-03 EU-155 0.5335231E-05
72 CR-51 0.2471914E-03 CR-51 0.4836357E-05
73 Y=93  0.1895578E-03  CD-115  0.4146909E-05
74 NP-239 0.1793897E-03 Y-91 0.3633989E-05
75 TL-201  0.1646443E-03  BE-T7_ 0.3047791E-05
76 TE-127 0.1623C87E-03 SM-151" 7 0.2876818E-05
77 SM-153 0.1553100E-03 PM-147 0.2806410E-05
78 PBR-203 0.1470225E-03 NB-93M 0.2542305E-05
79 H-3 0.1274339E-03 , SB-125  0.2424240E-05
80 SR-92 6.1214B68E-03 NB-95 0.1814338E-05
81 AS-77 _ 0.1101027€-03 TC-99M  0.1529205E-05 )
82 W-187 0.1083188E-03 IR-93 0.1051329€-05
83 RH-105 0.9886739E-04 CE-141 0.6690274E-06
84 PD-109 0.7961424E-04 ND-147 0.4715051E-06
85 GD~159  0.7168151E-04 PR-143 D.4587616E-06
86 MN-56 0+6658415E-04 RH-103M  0.4438943E-06
87 RU-105 0.6537356E~04 SC~48  0.3971688E-06
88 w-181 0.6371693E=04 LA~140  0.3389739E-06
89 Y-92 0.6371690E-04 Y=90 0.2532959E-06
90 TE-129 0.5593G69E-04 IR-97 0.15833656-06
91 CuU-64  0.5487620E-04 CE-143 0.1370020E-06
92  TC-99 0e4991160E~04 PM=-149 0.1261595E-06
93 W-185  0.4460184FE-04 IN-115M  0.1169792E-06
94  ND-149 0.2423895E~04 Y-93 . 0.7582310E-07
95 SB-125 0.2154880E-04 NP-239 D.7175584E-07
96 PB-204M  C.1939562E-04 SM-153 0.6212400E-07
97 IN-115M  0.1462240E-04 GD-159 0.2867260E-07
58 NR-97 0.1177966E-04 Y-92 0.2548676E~07
99 Y-91M  0.86416C8E-05 ND-149  0.9695579E-08
106 TC-99M 0.1529205E-05 NB-S7 0.4711861E-08

161 RH-103M 0.7768L150E-06 Y-9 1M 043456643E~08
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APPENDIX X
__COMPOSITE LISTINGS OF RADIUNUCLIDES BASED ON DOSES TO THE CRITICAL ORGANS FROM 1 MICROCURIE INTAKES
GAMMA = 20.5 TAU = 0.0 T = 365
SOLUBLE INSOLUBLE
INGESTIUN TNHALATION TNGESTION INFALATION

NO. NUCLIDE NORMAL IZED NUCL IDE NORMALIZED NUCLIDE NORMALIZED NUCL 1DE NORMALIZED
1 1-129 0.1G0E 01 PU-238 0.100E 01 CE-144 0.100€ 01 PU-238 0.100€ 01
2 PB=210 ___ _0.B21F 00 PU-239 ___ 0.968E 00 RU-106 0.100E 01 PU-239 0.933E 00
T I1-131 0.221E 90 PU-240 0.968E 00 K-42 0.499E 00 PU-240 0.933E 00
4 SR-90 0.129F 0C PE-210 0.222E 00 BA-140 0.499E 00 PB-210 0.251€_00
5 1-133 0.595E-01 1-129 0.514E-01 LA-140 0.499E 00 PU-241 0.911€-01
& CS-134 0.392E-01 ______PU-241_ 0.489E-01 SN-125 0.499E 00 RU-106 0.1156-01
7 CE-144 0.3426-01 SR=90 0.1166-01 TE-129M 0.499E€ 00 SR-90 0.111€-01
8 RU-106 342E-01 CI-131  0.114E-01 P-32 0.499E 00 CE~144 0.101€-01
S CA-45 0. 314E-01 CE-144 0.528E-02 TE-132 0.499E 00 NA-22 0.746E-02
1¢  C5-137 0.225E-C1 1-133 0.307E-02 Y-90 0.499E 00 €0-60 0.701E-02
11 P-32 0.195F=C1 Y=91 0.224E-02 IR-97 0.499E 00 CS-134 0.525E-02

12 1-135  G.1R4E-01 CO-115M ___ 0.215€-02 SG-48 0.333€ 00 B1-207

13 HG-203% 0. 173E-01 €s-134 0.198E~02 SR-R9 0.333E 00 €S-137
14 LA-140 0.171€-01 CA-45 0.196E-02 __ NA-22 __ 0.333E 00 EU-152 0.330€-02
15 SN-125 0.171E-01 SR-89 0.120E-02 CD-115M 0.333E 00 CL-36 0.264E-02
16 Y-90 0.171€-01 EU-152 0.1196-02 NA-24 0.333€ 00 TL-204 0.236E~02
17 ZR-97 0.171E-91 CS-137 0.1136-02 €0-60 0.333€ 00 SB-125 0.232E-02
16 SR-§9 0.133E-01 P-32 0.1126-02 PU-238 0.333€ 00 Y-91 0.222€E-02
16 SC-48 U.L14E-01 TE-1298 0.1056-02 PU-239 0.333E 00 TE-129M 0.208E-02
_2C BA-140 __ 0.114E=01 ___ HG=203 __ _ 0.102E-02 PU-240 0.333E 00 IR-95 0.208E-02
21 CDT115M C.l14E-01 I-135 0.9506-03 ¥-91 0.333E 00 IR-93 0.203€-02
22 _CD-115 C.114E-01 RU=106 0.844E-03 Y-93 0.333E 00 SR-89 0.189E-02
23 TE-129M 0.114E-01 SN-125 0.631E-03 AG-111 0. 25CE 00 CO-115M 0.187E-02
24 TE-132 0.1146~C1 _ ¥=90 0.631E-03 MO-99 0.250€ 00 MN-54 0.180E-02
25 ¥-91 0.114E-01 IR=97 0.631E-03 SR-90 0.250E 00 IN-115 0.173€-02
26 Y-93  0.114E-01 _ _ TE=127M___ 0.621E-03 cD-115 0.250F 00 TE-127M 0.171E-02
27 NA-27 0.984E-02 BA-140 0.606E-03 CE-143 0.250€ 00 BA-140 0.156E-02
28 AG-111 0.853E-02 IR-95 0.567E-03 C5-134 0.250€ 00 FE-59 0.133E-02
29 CE-143 0.853E-02 IN-65 C.5116-03 TE-131M 0.250€ 00 IN-65 0.112€-02
_ 3C PH-204M  0.853£-02 LA-140  0.507€-03 PB=204M 0.250E 00 TC-99 0.956E~03
31 PM-149 0.853E6-62 NA-22 0.496E-03 C5-137 0.250F 00 RB-87 0.9156-03
32 1-132 _ C.B00E-N2 _PM=147  0.457£-03 PM-149 0.250E 00 P-32 0.850E-03
33 AU-198 C.684E-02 81-267 0.443E-03 1-133 0.250E 00 EU-155 0.847E-03
34 _C0-560 C.684E-02 FE-59 0.426E-03 AU-198 0.200E 00 1-129 0.834F-03
35 PR-143 C.684t-02 SC-48 0.4226-03 SR-91 G.200E 00 SN-125 0.816E-03
36 5-35  Q.668F-02 ¥  0.422E-03 TE-127M 0.200E 00 RU-103 0.796E-03
31 TE-127# 0.611E~92 1-132 0.411E-03 PR-143 0.200E 00 Y-90 0.7526-03
38 §1-207 0.569E-02 TE-132 0.3626-03 _ FE-59 _  0.200F 00 1R-97 0.752E~03
35 ND-147 0.563E-02 §-35 C.340E~03 81-207 0.167¢ 00 NB-95 0.680E-03
4C  TE-131M 0.56RE-02 EU-155 0.335€-93 SR-92 0.167E 00 €s-135 0.671E-03
41 FE-59 0.56RE-02 CO-115 0.317€-03 ND=147 0.167E 00 PM=147 0.641E-03
42 Y=92 0.568FE-02 IN-115  0.282€E-03 CL-36 0.167E 00 W-185 0.6156-03
43 "IR-95 0.563E-02 CE-143 0.281E-03 €S-136 0.167€ 00 K=42 0.565€-03
44 SR-91 0.485F-02 AU-198  0.253E-03 TL-204 0.167E 00 LA-140 0.5656-03
45 SR-92 0.48BE-C2 ND-147 0.253E-03 W-187 0.167€ 00 TE-132 0.5656~03
4¢  W-187 0.488E-02 C0-60 0.253E-03 Y-92 0.167E 00 CA-45 0.560E-03
47 AS=T7 0.427F-0C2 TE-131M C.253E-03 I-131 0.167E 00 C-14 0.549E-03
48 SM-153 0 .427E-G2 _ PB-204M __ .253E-03 ZR-95 0.167F 00 HG-203 0.544E-03
45 EU-152 C.427E-02 PM-149 C.253E-03 1-135 0.143E 00 W-181 0.531€-03
50 60-159 0.427E-02 ____ PR-143 0.253E-03 PD-109 0.143E 00 TE-125M 0.527€-03
51 RU-103 0.4276-02 ¥-92 0.253E-03 AS-T7 0.125E 00 ) 0.451E-03
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APPENDIX X, continued

COMPOSITE LISTINGS UF RADIONUCLIDES BASED ON DOSES TO THE CRITICAL DRGANS FROM 1 MICROCURIE INTAKES

GAMMA = 20,5 TAU = 0.0 T = 365
SOLUBLE INSOLUBLE

INGESTION INHALATION INGESTION INHALATION
NO. NUCLIDE NORMALIZED NUCLIDE NORMALIZED NUCLIDFE NORMALIZED NUCL IDE NDORMALIZED

52 CL-36 Ca421lE-02 TE-125M 0.236E-03 SM-153 0.125E 00O NA-24 0.451E-03
53 (£5-136 0.399E-C2 CL-3% 0.213€-03 EU-152 0.125F 00 Y-93 0.451E-03

54  IN-115 0.379E-02 CS-136 C.202E-03 GD-159 0.125E €O Ce-141 0.438E-03
55 CE-141 0.3796-02 MN-54 0.,196E-03 RU-103 0.125E 00 SM-151 0.426E-03

5¢ PD-109 C.379E-02 SM-151 Ce193E-03 IN-1156 0.111FE 00 €S-136 0.396E-03
57 I1-134 Ca374E-02 1-134 0.193E-03 CE-141 0.111E 00 PR-143 0.379E-03

58 SB-12% Ce342E-02 NB—93M 0.184E-03 $B-125 0.10CE 00 NB-93M 0.377E-03
55 MN—54 Q.342E-02 CS-135 0.148E-03 AU-19¢6 0.10CE 0O Cb-115 0.376E-03

60 MN-56 C.342E-02 ZR-93 0.143E-03 MN-54 0.10CE 00 TE-131M 0.376E-03
61 NB-95 C.342E-02 AS-77 0.127E-03 MN-56 0.100E 00 MD-99 0.322E-03

62 NP-239 0.342E-02 58-125 0.127E-93 NB-95 0.10CE ©O CE~-143 0.322E-03
63 TL-204 Ca342E-02 SM-153 0.127E-03 TE-125M C.10CE 00 1-133 0.322E-03

64 W-185 0e342E~-02 SR-91 0.127E-03 NP-239 0.100E 00 ND-147 0.299E-03
65 RH-105 0.342E-02 SR-92 0.127€-03 w-185 C.100E 00 AG-111 0.282E-03

6& RU-105 C.342E~-02 CE-141 0.127E-03 HG-203 0.100E 00 AU-198 0.282E-03
= 67 (€S5-135 C.307E-C2 NB-95 0.127E-03 RH-105 0.100E 00 PB-204M 0.282£-03

68 IN-65 C.253F-02 PD-109 C.127E-03 RU-105 C.100E 00 PM-149 0.282E-03
6G  TE-125M 0.233E-02 TL-204 0.127E-03 C-14 0.499E-01 S-35 0.271E-03

7¢ RB-87 0.225E-02 wW-187 C.127E~-03 CA-45 0.499E-01 SR-91 0.251E-03
71 PU-238 C.178E~-02 GD-159 0.127E£-03 TC-99 0.499E-01 1-135 0.226E-03

® 72 PuU-239% G.173E-02 RU-103 0.127E-03 TE~-127 0.499E-01 AS-77 0.226E-03
72 PU-24C 0.173£-02 RB-87 0.114E-03 €S-135 0.499E-01 SM~153 0.226E-03

T4 MD-99 0.172E-02 M0-99 0.968E-04 PB-21C C.499E-01 SR-92 0.226E-03
75 AU-196 0.171F-02 MN-56 0.844E-C4 Ti-201 C.499E-01 PD-109 0.226E-03

T& NA-24 Cel71E-22 NP-239 0. 844E-04 Cu-64 0.499€-01 W-187 0.226E-03
77 PM-14T7 0.171€E-02 W—-185 0.844E-04 PM—-147 0.499E-01 GD~-159 0.226E-03

78 EU-155 C.171E-02 RH-105 CaB44E-D4 EU-155 0.499E=01 Y-32 0.226E-03
O.114E-02 RU-105 0+B844E-04 RB-87 0.499E-01 1-131 0.226F-03

0.114E-02 AU-196 0.631E-04 I-129 0.499€E-01 MN-56 0.113E-03
O0.114E-02 NA-24 0.631E-04 IN=-65 C.499E-01 NP~-239 0.113E-03

CellaE-C2 ND~149 0.422E-04 1-132 0.499E-01 RH-105 0.113E-03

84 CU-64 TTULI1sE-02 AG-111 C.404E=04 ND-149 0.333E-01 AU-196 0.109€-03
5 IN-115M 0.853E-03 K=42 0.362E-04 W-181 0.3336-01 H-3 0.998€~-04

86 SM-151 C.853E-03 TC-99 0.362E-04 IN-115M 0.250E-01 TE-127 Q. 752E-04
87 NB-93M C.853E-03 TL-201 0.362E-04 SM-151 0.250E-01 TL~201 0.752E-04

88 PB—-203 C.B53E-G3 CU-64 04362804 NB-93M 0.250E~01 1-132 0. 752E-04
89 W-181 D.853E-03 FE-55 0.362E-04 PB-203 0.250E-01 FE-55 0.612E-04

9C TE-129 Cat27E-03 IN-115M C.317E-04 1-134 0.167E-01 BE-T 0.571E-04
91 7ZR-93 0.427E-0C3 w-181 C.317E-04 TE-129 0.125€-01 Cu-64 0.565E-04

92 NB-97 Ge379E-03 PR=203 0.281E-04 7R-93 0.125€E-01 ND-149 0.451E-04
92 C-l4 0.302E-03 C-14 C.152E-04 NB-S7 0.111E-01 IN-115M 0.376E-04

94 FE-55 J+179E-03 BE-7 C.135E-04 H-3 0.100E-01 PB-203 0.376E-04
95 BE-T 0.171E~-03 NB-97 C.127£-04 PU-241 0.100£-01 CR-51 C.305€-04

96 CR-51 0.171E-03 TE-126 Cal27E-04 BE-7 0.499E-02 TE-129 0.226E-04
97 __Y-9iM C.114E-03 CR-51 0.631E-05 CR-51 0.499E-02 I-134 0.226E-04

98  PU-241 0.874E-C4 H-3 0.450E-05 FE~-55 0.499E-02 NB-97 0.113E-04
- 99 H-3 Ce668E~-04 Y-91M C.317E-05 TC-99M 0.333E-02 TC-99M 0.451E-05

10C TC-99M 0.568E-04 TC-99M 0.253E-05 Y~91M 0.333E-02 Y-91M 0.376E-05
101 RH-1G3M 0.342E-C4 RH-103M 0.844E-06 RH-103M 0.100E~-02 RH-103M C.113E-05

ac C
81 1t
“Hy
82 TiL-201 _0.114E-02 TE-127 C.422E-04 $-35 0.333E-01 RU-1G5 0.113E-03
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APPENDIX X, continued

COMPOSITE LISTINGS OF RADIONUCLIDES BASED ON DOSES TO THE CRITICAL ORGANS FROM 1 MICROCURIE INTAKFS

GAMMA = 20.5 TAY = 0.0 T = 25550
SOLUBLE INSOLUBLE

TNGESTION INHALAT1ON INGFSTICON INHALATION
NU. NUCLIDE __ NURMALIZED __ NUGLIDE _ NORMALIZED __ NUCLIDE __ NORMALIZED NUCLTDE NORMAL [ ZED
1 SR-90 0.100€ 01 pu 239 0.130F 01 CE-144 0.100€ 01 PU-23A 0. 100€ 01
2 PB=21C  0.657E 00 _ _ _ -240 _ ©.1008 01 _ RU-106  0.100E 01 _ PU-239 0.941€ 00
2 1-129 C.380E 00 pu 238 0.812€ 00 K-42 0.499F 00 PU-240 0.941E 00
4 1-131 C.706E-01 PU-241 0. 146E-01 BA-140 0.499F GO PB-210 0.144E 00
5 PU-239 C.343F-01 PB-21C C.918E-02 LA-140 0.499E 00 SR-90 0.633E-02
& _PU-24( 0.343E-C1 U SR=9)  C.466E-02 SN-125 0.499E 00 _ RU-106 0.617E-02
7 PU-238 0.2798-01 1-129 0.1026-02 TE-129M 0.499E 00 CE-144 0.5376-02
8 _1-13% _ 0.190F-01 C1-131  0.1896-03 ___ P=32 _ 0.499€ 00 ____NA=22 _ 0.4156-02
9 C5-13%64 G.128F-01 CE-144 0.1356-03 TE-132 0.499E 00 Co-60 0.3956-02
1C CA-45 0,127E-01 EU-152 0.982FE=04 Y-9¢ 0.499E 00 C5-134 0.291€-02
11 CE-144 0.1096-01 CA-45 0.411E-04 IR-97 0.499E 00 BI-207 0.253E-02
12 RU-1C6 0.1096-01  Y-91  ___ 0.376E-04 SC-48 0.333€ 00 CS-137 _ 0.237E-02
12 Cs-137 0.736E-02 Ch-115M 0.357E-04 SR-89 0.333E 00 EU-152 0.188F-02
14 P-32  0.624E-02 _ __ CS=134 __ 0.3356-04  NA-22 _ 0,3336 00 CL-36 _ _ 0.152E-02
15 1-135 G.5BBE=02 PM-147 0.2126-04 CD-115M 0.333€ 00 TL-204 0.132€-02
16 HG-203 0.57CF=02 SR-89 0.199E-C4 NA-24 C.333E 00 $8~125 0.129€-02
17 LA-14C 0.546E-02 SM-151 0. 199F—04 CO-60 0.333E 00 IR-93 C.117€-02
_1& SN-125 0.546E-22 €S-137 0.194E-04 PU-238 0.333FE 00 Y-91 0.1126-02

15 TY-906 N.546E-07 p-32 o 186E-04 PU-239 0.333E700 TE-129M 0.105
20 IR-97  G.546F-02 n J1T4E-D4 PU-24C 0.333F 00 IR-95 0,105 B
21 sR-89 0.47276-02 > o 169F-04 Y-91 0.333E 00 IN-115 0.995E-03
22 SC-4R 0.363£-02 1-135 0.158E-04 v-93 0.333E 00 MN-54 0.9576-03
23 BA-14C 0.363E-02 RU-106 0.1366-04 AG-111 0.250E 09 SR-89 0.952E-03
24 CD-115M  0,3636-02 _ EU-155_  0.127E-04__ M0O-99 0.250F 00 CD-115M 0.941€-03
257 Cb-115 0.363E-02 IN-065 0.116E-04 SR=90 0.25CE 00 TE-127H 0.872€-03
26 TE-129M 0.363F=02 __ _ NR-93M 0.111E=04 _ CP-115  0.25CE 02 PU-241 _ 0.8T2E-03
21 TE-132 0.363E-02 IR-93 TC.106E-04 CE-T43 "0.250E 00 BA-140 0.78TE-03
28 __v-91 0.3636-02 SN-125 0.105E-06 cs-134 0.250E 00 FE-59 0. 670E-03
25 Y¥-93 0.363E-02 Y-90 0.105E6-04 TE-131M 0.250E 00 IN=65 0.585E-03
30 NA-22  0.314E-02 _IR-97 _ 0.105E-04  PB-204M 0.250€ 00 TC-99 0.548F-03
31 AG-111 C.272E-02 TTE-127M G.103E-04 €5-137 0.250E 00 PO-A7 0.526E-03
32 CE-143_ 0.2T26-02 1-133  0.1G2E-04 _ PM-149  0.250F 00 __ 1-129 0.479E-03
32 PB-204M 0.272F-02 TRA-14C C.1G1E-04 I-133 6.2508 00 E0-155 0.465E-03
34 PM-149 0, 272E-02 ZrR-95 0.953E-05 AU-198 0.200E 00 P-32 0.429€-03
35 1-132 Ce2556-12 LA-14C 0.B41E-0G5 SR=91 0.200E 00 SN-125 0.4126-03
3¢ S=35  0.2226-02 ___NA&-22 _ C.824E-CS __ TE-127H 0.20CF 00 RU-103 0.4026-03
37 TAU-198 C.21896-02 TRi-207 0.735E-05 PR-143 "0.20CE 00 Cs-135 0.386£-03
38 CO-60  0.218£-02 FE-59  C.706F-05 _ FE-59  0.200E 00 Y-90 0.380E-03
35 PR-143 0.2180-02 SC-4n 0.700E-05 TRI-267 0.167E 00 IR=97 0.380E-03
4C  TE-127M U.1956-02 Y-93 C.700E-05 SR-92 0.167E 00 PM-147 0.356E-03
41 Bl-207 0.182F-02 1-132 0.6826-05 NO-147 0.167E 00 NB-95 0.343E-03
42 NDP-147 0, 1828=C2  YE-132  0.600E-05_ CL-36 0.167E 00 C-14 _ 0.3156-03
42 TEZT3IM 0 182E-02 $-35 0.585E-05 CS-136 C.167¢ 00 W-185 0.3126-03
44 FE-59 0.182E-97 _Ch-115 0.525E-05  TL-204  0.167F 00 CA-45 _ _ _ 0.290F-03
45 ¥-92 0.182E-02 IN-115 0.4756-05 W-187 0.167¢ 00 K=42 0.285F-03
4¢_ 2R-95 CL182E-02 CE-143 0.466E-05 v 92 0.167€ 00 LA-140 0.285E-03
47 SR-91 G 156E-02 AG-T11 0.420E-C5 12 0.167€ 00 TE-132 0.2856-03
4 SR=92  C.156E~G2  AU-198 __ 0.420€-05 __ ZR 95 0.167€ 00 HG-203  0.274E-03
45 TW-187 C.156E-02 ND-147 0.420E-05 T12135 0.143€ 00 W-181 T0.273E-03
5C _AS-77 0.136E-02 . €0-60 0,420E-05 PN-109 0.143E 00 TE-125M 0.266€-03
51 SM-153 0.136F-02 TE-131M 0.42GE-05 AS-77 0.125€ 00 SM-181 0.2456-03

“*

.
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APPENDIX X, continued

_...COMPOSTITE LISTINGS OF RADIUNUCLIDES RASED ON DDSES TO THE CRITICAL ORGANS FROM 1 MICROCURIE INTAKES

GAMMA = 20.5 TAU = 0.0 T = 25550
SULUBLE INSOLUBLE
INGESTION INHALATICON INGESTION TNHALATION
NO. NUCLIDE NURMALIZED NUCLIDE NORMALIZED NUCLIDE NORMALIZED NUCLIDE NORMALIZED
52 EU-152 0. 136F-C2 PB=-204M 0.420E-05 SM-153 0.125€ 00 SC-48 0.2286-03
53 GD-159 0.136E-02 PM=149 0.420E-05 EU-152 0.125€ 00 NA-24 0,228E-03
54 RU-103 0.130E-02 PR-143 0.420E-05 GD-159 0.125E 00 Y-93 0.228E-03
55 CL-36 C.135E-02 Y-92 0.420E-05 RU-103 0.125E 00 CE-141 0.221E-03
S€ CS-136 0.12RE=02 TE-125M 0.391€-05 IN-115 0.111E 00 NB—93M 0.2156-03
57 IN-115 C.121E-02 CL-36 0.353E-05 CE-141 0.111€ 00 CS-136 0. 200E-03
58 CE—-141 C.121E-02 CS~136 C.335E-05 SB-125 0.100€ 00 PR-143 0.191E-03
5 PD-1¢9 0.121E-02 MN=-54 0.326E-05 AU~196 0.100E 00 CD-115 C.190€E-03
6C 1-134 J.119E=-92 1-134 0.320E=05 MN-54 0.100E 00 TE-131IM 0.190E~03
61  IN-65 C.111E-02 €S-135 0.261E-05 MN=56 0.100E€ 00 ~ M0O-99 0.163E-03
62 SB-125 C.109E-02 AS=-77 0.210E-05 NB=-95 0.100E 00 CE-143 0.163E-03
63 MN-54 0.109€E-0C2 SB-125 0.210E-05 TE-125M 0.100E 00 1-133 0.163E-03
64 MN-56 C.1C9€-02 SM-153 0.210E-0C5 NP-239 0.100E 00 ND—147 0.151E-03
65 NB-95 0.109E-02 SR-91 0.210F-05 W-185 0.100E 00 AG-111 0.143E-03
6E NP-239 C.109E-C2 SR-92 0.210E-05 HG~203 0.106GE 00 AUJ-198 0. 143E-03
67 TL-204 0,1096-C2 CE-141 0. 210E-05 RH-105 0.100E 00 PB-204M 0.143E-03
68 W-185 0.109E-02 NB~95 0.210E-05 RU-105 0.100E 00 PM-149 0.143E-03
65 RH-1CS 0.109E-02 PD-109 0.210E-05 C-14 0.499E-01 S-35 0.138E-03
7C RU-1C5 C.109E-02 TL-204 C.210E-05 CA-45 0.499E-01 SR-91 0.127E-0C3
71 €S$-135 G.105E-C2 W-187 0.210E-05 TC-99 0.499E-01 1-135 0.114E~03
72 TE-125M C.7456-C3 GD-15¢ 0.210E-05 TE-127 0.499E-01 AS=T7 0.114E-03
73 RB-87 G.723E-C3 RU-103 C.210E-05 €S-135 0.499E-01 SM-153 0.114E-03
74 MO-99 0.550E-03 RB—RT 0.189E-05 PB-210 0.4996-0C1 SR-92 0.114E-03
75 AU-196 0.546E-73 MO-39 C.161E-05 TL-201 0.499E-01 PD—-109 0.114E-03
76 NA-24 0.546E-03 MN-55 0.140E-05 CU-64 0.499E-01 W~187 0.114E-03
71 PM-147 C.546E-03 NP-239 0.140E-05 PM-147 0.499E-01 6D-159 0.114E-03
78 EU-155 (+546E-03 W-185 C.140E-05 EU-155 0.499E-01 Y-92 0.114E-03
7S PU-241 C.499F=-03 RH=105 0.140E-G5 RB-87 0.499E-01 1-131 0.114£-03
BC K-42 C.363E-C3 RU-105 0.140E-05 1-129 0.499E-01 MN<56 0.569E-04&
81 TC-99 (4363E-C3 FE-55 0.125E-05 IN-65 0.499E-01 NP-239 0. 569E~-04
82 ND-149 C.363F-03 AU-196 C.1056-0% 1-132 0.499E-01 H-3 0.569E-0%4
83 TE-127 _ (.363E-03 NA-24 0.105€-05 S-35 0.333F-01 RH~105 0.569E-04
84 TL-201 0.363E-03 ND-149 0.700E-06 ND-149 0.3336-01 RU-105 0.569F—04%
85 CU-64 C.363E-03 TE-127 0.700E-06 W~181 0.333E-01 AU~196 0.548E-04
86 IN—115M C¢.272E-03 K=42 C.600E-06 IN-115M 0,250E-01 TE-127 0.380€E-04
87 SM-151 C.272E-03 1C-99 0.6C0E-06 SM-151 0.250E-01 TL-201 0.380E-04
88 NB-93M C.272E=03 TL-201 0.600E-06 NB-93M 0.250E-01 1-132 0.380E-04
8S  PB-203 0. 272E~(3 CU-64 0.600E-06 PB-203 0.250E-01 FE-55 0.343E-04
9C W-181 C.272E-03 IN-115M C.5256-06 1-134 0.167E-01 BE-7 C.289E-04
91 TE-129 C.136E-03 W-181 0.525E-06 TE-129 0.125E£-01 cU-64 0.285E-04
92 IR-93 C.136E-03 PB-203 0.466E~06 IR-93 0.1256~01 ND-149 0.228E-04
32 NB-97 0.121E-03 C-14 0.253E-06 NB—97 0.111E-01 IN-115M 0.190E-04
94 FE-55 C.119E-03 BE-7 G.224F-06 H-3 C.100E-01 PB-203 0.190E-04
98 (-14 C.963E-04 NR-97 0.210E-06 PU-241 0.1006-01 CR-51 0.154E-04
96 RE-T7 C.546E=04 TE-129 0.210E-06 BE~T 0.499F-02 TE-129 0.114F—0%
97 CR-51 C.546E-04 CR-51 0.105E-06 CR-51 0.499E-02 1-134 0.114E-04
98 Y-91M CG.363E-04 A=3 0.747E-07 FE-55 0.499E-02 NB-97 0.569E-05
99 H-3 0.213E-04 Y-91M 0.5256-07 TC-99M 0.333E-02 TC-99M 0.228E-05
10C TC-99M G.182E-04 TC—-99M C.420E~07 Y=G1IM 0.333E-02 Y=91M 0.190E-05
101 RH-103M C.1C9E-04 RH=103M 0.14CE-07 RH~103M 0.100E-02 RH~-103M 0.569E-06
7/
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APPENDIX X, continued

COMPOSITE LISTINGS OF RADIONUCLINES SBASED ON DOSES TO THE CRITICAL ORGANS FROM 1 MICROCURIE INTAKES

GAMMA = 20.5 TAU = 60.0 T = 365
SOLURLE INSOLUBLE

[NGESTION INHALATION INGESTION INHALATION
NO. NUCLIDE  NORMALIZED NUCL IDE NCRMALEZED CNUCLINE  NORMALIZED NUCLIDE NORMALIZED
1 1-129 C.10CF 01 PU-23%& 0.100E 01 RU-106 J2.10CE 01 PU-238 0.100E 01
2 P8-210 0.821E OC CPU-23%  (0.968F 00 __CF-144  C.971E 00 PU-239  0.934E 00
2 SR-9C ¢.129€ 00 PU-24C 0.968E 0C PY-239 0.373E 00 0.934E 00
4 CS-134 Ce373F-C1 PR-21¢ 0.221E 0C PU-240 0.373F 00 0.250F 00
5 RU-1C6 (.305E-91 1-129 0.514E~-01 PU-238 N0.372E 00 0.111€-01
& CE-144 __  0.296F=01 __  _PU-241  0.486E-01 __C0-62  0.365E 00  0.102E-01
7 CA-45 L 243E-01 SR-90 0.116E-01 Na-22 0.357€ 00 0.877F-02
B CS-137 CC.224E=C1 CLE-164  (L457E-92  _ SR=90 0,279F 00 _ 0.714E-02
S NA-22 Ge942F-92 CS-134 0.188E-C2 C5-137 0.279E 00 0.6866-02
1C HG-203 0.721E-22 CA=45 0.152E-02 CS—134 0.266E 00 0. 500E~02
11T CO-60 C.h68E=02 tU-152 0.118E-02 CL-36 0.187F 00 0.439E-02
12 SkR-B9 C.584E-02 . €S-137  0.113€-02 . 0.412E-02
12 Bl-2C7 Ce563E-C2 Y-91 0.110E-02 0.327€-02
14 ¥Y=91  0.558F-02  CO0-1 0.816E- B _ _ 0.265€E-02
15 CD-115 Ce433E-32 RU-1 2E- - C.227E-02
1¢  FU-152 Ce423E-02 SR-89 0.525E-03 TE-129M 0.159F 00 0. 220E-02
17 CL-36 0.421E-02 NA-2? C.475E-03 TE~-127M 0.151E 00 0.204E-02
18 §-35 0.415F=02 BI-207 0.436E-03 CN-115M 9.142F 00 . 0.173£-02
1S TE-127M 0.413F-32 PM~147 0.436E-03 EU-152 0.139¢ 00 0.1576-02
2C IN-115 o D,379F-02 IN-65 0.433E-03 IN-115 0.124E 00 TE-127M 0.115€-02
21 TL-204 0.329F-02 TE-127M C.415E~03 SR-125 0.107€ 00 Y-91 0.109E-02
22 SR-125 0,326F=-02 HG=273 0.411E-03 MN-54 0.977E-01 IR-95 0.108F-02
23 TE-129M 0.3230-C2 EU-155% 0.314€-03 2R-95 0.966F-01 TC-99 0.957€-03
.24 CS-135  0,307€-02  TE-129M _0.2986-03 FE-59 0.891E-01 ~  IN-65 . 0.942€E-03
25 MnN-54 Ge2976-07 IR-95 0.295E6-03 W-185 0.638E-01 RB-87 0.916€-03
_2¢ IR-95  0.295E-72 IN-115 0.282€-03 C-14 0.560E-01 PU-241 0.904€-03
27 FE-59 0.226E-02 CO-60 0.248E-03 TC-99 0.560F-01 -129 0.B834E-03
28 RB-817 Ce225E-02 cL-36 0.213E-03 €S-135 0.560F-01 SR~89 0.827E-03
29 IN-65 0.213E-02 S-35 0.211E-03 RB-87 0.56CE-01 EU-155 0.793E-03
3C W-185 G.195E-02 SM-151  0.193€-03 1-129  0.560E-01  CD-115M 0.709€-03
31 PU-2338 C.178E-02 NR=93M 0.182E-03 P3-210 0.556€E-01 €S-135 0.672E-03
32 PU-239 C.IT3E-02 _ _ MN-54 0.171E-03 CTE-125M  0D.547E-01  PM-147  0.614E-03
33 PU-240 C.1730-02 FE-59 0.170E-03 PM-147 0.5356-01 TE-129M  0.589E-03
34 PM-147 C.163E-02 €S-135 C.148E-03 EU-155 0.524E-01 C-14 0.550E-03
S EU-155 G.159E-02 7r-93 0.143E-03 RU-103 0.507F-01 FE-59 0.528E-03
_3€& RU-103 _Ce155E-02 CTL=-204  0.122E-03 _  IN-65  0.472E-01 CA-45 0.435€-03
37 1-131 C.147E-02 SB-125 0.121E-03 HG-203 0.452E-01 SM-151 0.426E-03
.38 J3C=99 _ 0.114E-02 _ TE-125M  0.115£-03  CA-45 0.434€-01 W-181 0.396E-03
36 TE-125M Go114E-G2 RB-87 0.114E-03 NB-95 0.341E-01 NB-93M 0.373E-03
4C  P-32 0.1CAE=-02 1-131 0.652E-04 CE-141 0.339E-01 W-185 0.351E-03
41 NBR-95 0. 1040-02 P-32 0.613E-04 P-32 0.326E-01 RU-103 0.289E-03
42 CE-141 _ ©. -02 W-185 0.482F-04 SM-151 0.279E-01 TE-125M  0.257E-03
42 SM-151 0.RS3E-C3 RU-103 C.457E-04 NB=93M 0.277E-01 HG-203 0.219€-03
44 NB-93M _ (LR42F-03  NB-95 (.387E-04 W-18% 0.277€-01 NB-95 0.207E-03
45 W-181 C.632E-C3 TC-99 0.362E-04 $-35 0.232E-01 5-35 0.168E-03
46 BA-140 0.442E-03 FE-55 0.349E-04 BA-14C 0.,217E-01 CE-141 0.120E-03
47 IR-93 0.427F=03 CE-141 0.345E-04 ZR-93 0.140E-01 LA-140 0.101E-03
48 PR-143 0.328F-03 W-181 C.236E-04 H-3 0.111E-01 H-3 0.989E-04
4G C-14 0.302E-03 RA-140 0.235E~C4 PU-241 0.111E-01 BA-140 0.608E-04
5C_ SN-125 0.215E-03 c-14 0.1526-04 PR-143 0.107E-01 FE-55 0.591€-04
51 FE-55 0.173E-03 PR-143 0.122E-04 CcS-136 0.759E-02 P-32 0.4656-04
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APPENDIX X, continued

OF RADIONUCLIDES BASED ON DOSES TO THE CRITICAL ORGANS FROM 1 MICROCURIE INTAKES

GAMMA = 20.5 TAU = 60.0 T = 365
SOLUBLE INSOLUBLE
INGESTION INHALATION INGESTION INHALATION
NO. NUCLIDE NORMALIZED NUCLIDE NORMALIZED NUCLIDE NORMALIZED NUCLIDE NORMALIZED
52 (S5-136 0.163E-03 CS-136 0.823E-05 SN-125 0.701E-02 8E-7 0.264E-04
53 ND-147 0.144E-03 SN-125 0.794E-05 FE-55 0.539E-02 PR-143 0.182E-04
54 PU-241 0.863E-04 ND-147 0.638E~05 ND-147 0.4T1E-02 €CS-136 0.161E-04
56 BE-7 0.784E-04 BE-7 0.621E-05 BE-7 0.257E-02 SN-125 0.103E-04
5¢ H-3 2.663E-04 H-3 0.447E~-05 CR-51 0.125E-02 ND-147 0. 755E-05
57 CR-51 0.383E-04 CR-51 0.142E-05 AG-111 0.109E-02 CR-51 0.684E-05
58 AG-111 04334E-04 AG-111 0.989E-06 1-131 0.106E-02 I-131 0.129E-05
59 AU-196 0.102E-05 AU-19%6 0.376E-07 AU-196 0.667E-04 AG-111 0.111E-05
6C TE-132 0.259E-C7 TE-132 0.823E-09 TE-132 0.128E-05 AU-196 Oe 64TE-07
61 Y-9C 0.312E-C8 Y-92 0.116E~-09 Y-90 0.102E-06 TE-132 0.129E-08
62 AU-198 0.140E-08 Ay-198 0.518E-10 MO-99 0.943E-07 Y-90 0.137€E-09
63 Ti-201 C.1G9E-03 TL-201 0.346E-10 TL-2901 0.536E-07 MO-99 0.109E-09
64 MO-99 0.579E-09 MO-99 0.326E-10 AU-198 0.459E-07 TL-201 C.720E-10
65 CD-115 0.705E-10 Cb-115 0.196E-11 NP-239 0.199E-08 AU~198 0.579E-10
6& NP—-239 0.605E-10 PM-149 0.157E-11 ch-115 0.174E-G8 CDh-115 0.233E-11
67 PM-149 0.526E-10 NP-239 0.150E-11 PM-149 0.174E-08 NP-239 0.200€E-11
68 PB-203 0.407E—11 PB-203 0.134E-12 PB-203 0.133E-09 PM—149 0.175E-11
6% SM-153 0.262F-11 SM-153 0.773£-13 SM-153 0.856E-10 PB-203 0.179€-12
7C SC-48 0.154E-11 SC-48 0.571£-13 SC-48 0.506E-10 SM—-153 0.138E-12
71 LA-140 0.305E-12 LA-140 0.904E~-14 LA~-140 G.100E-10 SC-48 0.613E-13
72 AS-T7 04305€-13 AS-T77 0.901E-15 AS-77 0.100E-11 AS-T7 O.161E-14
73 RH-10C5 0«450E—14 RH-105 C.111E~15 RH-105 0.148E~-12 RH-105 0.149E-15
74 CE-143 0.226E-15 CE—-143 C.745E-17 CE-143 0.741E-14 CE-143 0.854E~-17
75 TE-131M G«204E-16 TE-131M 0.904E-18 TE-131M 0.100E-14 TE-131M 0.135e-17
7¢ W-187 0e42TE-20 W-187 O.111E-21 W-187 0.163E-18 W-187 0.198E-21
77 1-133 0.104E-21 1-133 0.535E-23 1-133 0.490E-21 I-133 0.565E-24
78 GD-159 0.357E-26 GD-159 0.106E-27 GD-159 0.117E-24 GD-159 0.189E-27
75  IR-97 0.626E-27 IR-97 0.233E-28 IR-97 0.206E-25 IR-97 0.277€-28
8C NA-24 0.371&E-31 NA-24 0.137£-32 NA—-24 0.810E-29 NA-24 0.981E-32
81 PD-109 0.789E~34 PD-109 0.264E-35 PB-109 0.334E-32 PD-109 0.472E-35
82 CuU-64 G.963E-37 Cu-64 . 0.307E-38 K-42 0.105E-34 K-42 0.105€-37
83 K-42 0.214E-37 K-42 0.677E-39 Cu-64 0.475E-35 CU-64 0.479E-38
84 Y-93 0.115E—44 Y-93 0.426E-46 Y-93 0.378E-43 Y-93 0. 45TE-46
88 SR-91 04349E-47 SR-91 0.908E-49 SR-91 0.160E-45 SR-91 0.179E-48
8¢ TE-127 0.568E-49 TE-127 0.210E-50 TE-127 0s279E-4T TE-127 0.376E-50
87 1-135 0.589E-66 1-135 0.306E-67 1-135 0.514E-65 1-135 0.727E-68
8y IN-115M C.0 IN-115M 0.0 IN-115M 0.0 IN-115M ¢.0
89 MN-56 0.0 MN-56 0.0 MN-56 0.0 MN-56 0.0
9C SR-92 ¢.0 SR-92 0.0 SR-92 0.0 SR-92 0.0
91 TC-99M C.0 TC-99M 0.0 TC-99M 0.0 TC-99M 0.0
92 NB-97 0.C NB-97 0.0 NB-97 0.0 NB~97 0.0
92 ND-149 Ua0 ND-149% 0.0 ND-149 0.0 ND~149 C.C
94 TE-129 0.0 TE-129 0.0 TE-129 0.0 TE-129 0.0
95 PR-204M 0.0 PB-204M 0.0 PB-204M 0.0 PB-204M .0
96 Y-91IM 0.0 Y-91M 0.0 Y-91M 6.0 Y-91M 0.0
97 Y¥-92 0.0 Y-92 0.0 Y-92 n.0 Y-92 0.0
98 RH-103M 0.0 RH-103M 0.0 RH-103M 0.0 RH-103M 0.0
9% 1-132 0.0 1-132 0.0 1-132 0.0 I-132 0.0
106C RU-105 0.0 RU-105 0.0 RU-105 0.0 RU-105 0.0
101 I-134 0.0 1-134 0.0 1-134 0.0 I-134 0.0



190

APPENDIX X, continued

_ COMPOSITE LISTINGS OF KADIONUCLIDES BASED ON DOSES TO THE CRITICAL ORGANS FROM 1 MICROCURIE INTAKES

GAMMA = 20.5 TAU = 60.0 T = 25550
SOLUBLE INSOLUBLE
INGESTION INHALATION INGESTION INHALATION

NO. NUCLIDE _ NORMALIZEO __ _ NUCLIDE NORMALTZED _ NUCLIDE  NORMALIZED NUCLIDE NORMALTZED
1 SR-90 0.1C0E 01 PU-239 G.100E 01 RU-106 0.100E 01 PU-238 0.100E 01
2 PB-210.__0.6%5E 00 . PU-24C C0.100E 0 CE-144 0.971E 00 PU-239 0.941E 00
3 1-129 0.382E 00 PU-238 0.812F €O PU-239 0.373F 00 PU-240 0.941E 00
4 PyU-239 Ge345E-01 PU-241 Co144E-C1 PU=-240 0.373E 00 PBR-210 0.143E 00
& PU-240 («345E-C1 PB-21¢C C.9126~02 PU-238 0.372E 00 SR-90 0.633E-02
6 PU-238 C.28lE-Gl _____ SR=90_ _ 0.465€E-02 €0-60 0.365E 00 RU-106 0.548E-02
7 CS-134 0.122E-C1 1-129 C.133E-02 NA-22 0.357E 00 CE-144 0.465E-02
8 _ CA=-45 C.988E-02 CE~144 0.117€-03 __SR-9C __ 0.27%F 00 oo oNA-22 0.397E-02
S RU-106 0.978E-02 EU-152 0.971E-04 €S-137 0.279F 00 C0-60 0.387E-02
1¢ CE-144 0.949E-02 CA-45 0.319E-04 €S-134 0.266E 00 CS-134 0.277E-02
11 CS-137 C.738E-02 CS-134 0.3196-04 CL-36 0.187€ 00 B1-207 0.249E-02
12 NA-22 ___ _0.3C2F-02 _ PM—147  0.202E-04_____ BI-207  0.184F 00 €S-137  0.236£~02
12 HG-2C3 0.231E-02 SM-151 0.199E-04 Y-91 0.182E 00 EU-152 0.186E-02
14 CO-60 0.215E=02 _ C€S-137 0.193E=04 _____TL-204 0.180F 00 CL-36 0.152E-02
5§  SR-§9 0.189E-02 Y-91 0.184E-04 SR-89 0.164E 00 TL-204 0.1276-02
16  BI-207 0.181E-02 CD-115M 0.136FE~04 TE-129M 0.159E 00 SB-125 0.122€E-02
17 v-91 0.179E-02 RU-106 C.125E-04 TE-127M 0.151E 00 IR-93 0.117E~02
1R CD-115M  C.139e-22 . EU-15%5 0.1196-04 CD-115M 0.142€ 00 IN-115 0.995E-03
16 $-35 C.138F-02 NB-93M C.110F-04 EU-152 0.139€ 00 PU-241 0.867E-03
2C. 0.1386E-02  ZIR-93 _ 0.106E-04 IN-115 0.124E 00 MN-54 0.835€E-03
0.1356-02 IN-65 0.982E-05 SB-125 0.107E 00 TE-127M 0.585E-03
G.132E-02 SR=B9 C.876E-05 MN-54 0.977E-01 TC-99 0.548E-03
G.122E-02 NA-22 C.788E-05 ZR-95 0.966E-01 Y-91 0.548E-03
C.106E~02 B1-207  0.724E-05 FE-59 0.891E-01 IR-95 0.543E-03
X C.1n56-02 TE-127™ 0.6B8E-05 W-185 0.638E-01 RB-87 0.5266-03
_2¢ SR-125  C.105E-02 HG-203 0.682E-05  C-14 0.560E-01 IN-65 0.496E-03
27 TE-129M 0.104E-02 TE-129M 0.494E~05 TC-99 0.5606-01 -129 0.479€E-03
28  MN-54 0.954E-03 ZR=-95 0.494E-05 €5-135 0.560E-01 EU-155 0.435E-03
26 IR-95 0.948F=03 IN-115 0.475€6-05 RB-87 0.560E-01 SR-89 0.418E-03
3C IN-65 _ 0.939E-C3 ~ €0-60  0.411€-05 _  1-129 0.560E-01 €s-135 0.386E-03
31 FE-59 C.726E-03 $-35 0.364E-05 PB-210 0.556E-01 CN-115M 0.357€~03
32 RB-87 _ _C.T26£E-03 _ CL-36 _ 0.353F-05 TE-125M  0.54TE-01 PM-147 0.341€-03
33 W-185 C.625E-03 MN-54 0.284E-05 PM-147 0.535€-01 C-14 0.3156-03
34 PM-147 0.524E=-03 FE-59 0.282E-05 EU-155 0.524E-01 TE-129M 0.297£-03
3% fuU-155 0.512F-C3 C5-135 0.261E-05 RU-103 0.507E-01 FE-59 0.266E-03
3€ PU-241  0.497E-03  _ TL-2C4 _ 0.202€E-05 __IN-65 0.472E-01 SM-151 0.244E-03
37 RU-IN3 0.497E-03 SB-125 0.200E-05 HG-203 0.4526-01 CA-45 0.225€-03
38 [-131 _D.405E-03 TF-125M  0.191E-05 __ CA-45 0.434E-01 NB-93M 0.213€-03
36 TC-99 0.3656-03 RR-27 0.189E-0C5 NB-95 0.341E-01 W-181 0.203E-03
4C  TE-125M 0.365E-03 FE~55 0.121E-05 CE-141 0.339E-01 W-185 0.178E-03
41 P-32 0.341E-C3 I-131 C.108E-05 P-32 0.306E~01 RU-103 0.146E-03
42 NB=95  0.334E-13 P-32 0.102E-05  SM-151 0.279E-01 TE-125M 0.130E-03
43 CE-141 O.333E~C3 W-185 G.B00E-06 NB-93M 0.277€-01 HG-203 0.111E-03
44 SM-151  0.274E-03 _ RU-103 __ 0.759E-06 W-181 0.277€-01 NB-95 0.104E-03
45 NB-G3M 0.270F-03 NB-95 0.641E-06 S-35 0.232E-01 S-35 0.851E-04
46 W-181 0.2036-03 1C-99 0.600E-06 BA-140 0.217E-01 CE-141 0.606E-04
417 BA-14C G.142E-03 CE-141 0.573E-06 7R-93 0.140E-01 H-3 0.564E-04
48 IR-93 __ 0.137€-03 W-181 0.391E-06 H-3 0.111E-01 FE-55 0.330E-04
4GS FE-55 C.116E-03 BA-140 0.391E-06 PU-241 0.111€E-01 BA~140 0.306E-04
5( PR-143 C.105E-03 C-14 0.253E-06 PR-143 0.107€-01 P-32 0.235E-04
51 C-14 0.968E-04 PR-143 0.202E-06 CS-136 0.759E-02 BE-7 0.133€-04
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COMPOSITE LISTINGS OF RANDIONUCLIDES BASED ON DUSES TO THE CRITICAL ORGANS FROM 1 MICROCURIE INTAKES

GAMMA = 20.5 TAU = 60.0 T = 25550
SOLUBLE INSOLUBLE
INGESTION INHALATION INGESTION INHALATIDN
NO. NUCLIDE NORMALIZED NUCLIDE NORMALIZED NUCLIDE NORMALIZED NUCLIDE NORMALIZED
52 SN-125 C.639E-04 €S-136 0.136E-06 SN-125 0.701E-02 PR-143 0.920E-05
53 (€S5-136 0.524E-04 SN—-125 0.132E-06 FE-55 0.539E-02 CS-136 C.814E-05
54 ND-147 0.461E-C4 ND-147 0.106E-06 ND-147 0.47T1E-02 SN-125 0.517€-05
55 BE-7 0.252E-04 BE-7 0.103E-06 BE-7 0.257E-02 ND-147 0.381E-05
5¢ H-3 J«213E-04 H-3 0.741E-07 CR-51 0.125E-02 CR-51 0.345€E-05
57 (CR-51 0.123€-04 CR-51 0.235E-07 AG-111 0.109E-02 1-131 0. 649E~06
58 AG-111 0.107E-04 AG-111 0.164E-07 1-131 0.106E-02 AG-111 0.559E-06
56 AU-196 C.326E-06 AU-196 0.624E-09 AU~196 0.667E-04 AU-196 0.326E-07
6C TE-132 0.831F-03 TE-132 0.136E-10 TE~-132 0.128E-05 TE-132 0.649E-09
61 Y-9¢ 0.100E-08 Y-90 0.192€-11 Y-90 0.102€E-06 Y¥-90 0.691E-10
62 AU-198 0.44GE-09 AU-198 0.859E-12 MO-93 0.943E-07 MG-~-99 0.548E-10
62 TL-201 0.350E-09 TL-201 0.574E-12 TL-201 0.536E-07 TL-201 0.363E-10
64 MO-99 0.186E-09 MO-99 0.541FE-12 AU-198 C.459E-07 AU-198 0.292E-10
6% CD-115 C.226E-10 Cb-115 0.325E-13 NP-239 0.199E-08 CD-115 0.118E-11
66 NP-239 C.194E-10 PM~149 0.260E-13 PM-149 0.184E-08 NP-239 C.101E-11
67 PM-149 0.169E-1C NP-239 0.249E-13 CD-115 0.174E~08 PM-149 0.883E-12
68 PB-203 C.131E-11 PB-203 0.222E-14 PB~203 0.1338~09 PB-203 0.904E-13
65 SM-153 0.840E-12 $M-153 0.128E-14 SM-153 0.856E-10 SM-153 0.697E-13
7C SC-48 C.495E-12 SC-48 0.947E-15 SC-48 0.506E-10 SC-48 C.309E-13
71 LA-140 0.978E~-13 LA-140 0.150E-15 LA-14C 0.100£-10 LA-140 0.508E-14
72 AS-77 0.978F-14 AS-T7 0.149E-16 - AS-T77 0.100E-11 AS-T77 0.814E-15
73 RH-105 Cal44E-14 . RH-105 0.185E-17 RH-105 0.148E-12 RH-105 0.750E-16
74 CE-143 C.725E-16 CE-143 0.124E~18 CE-143 0.741E-14 CE-143 0.431E-17
75 TE-131M 0.654E—17 TE-131M 0.150E-19 TE~131M 0.100E-14 TE-131M 0.681£-18
7€ W-187 C.137E-20 W-137 0.184E-23 W-187 0.163E-18 W-187 0.100E-21
77 1-133 0e334E-22 1-133 0.894E-25 1-133 0.490E-21 I-133 0.285E-24
78 GD-159 0.115E-26 GD-159 0.176E-29 GD-15% 0.117E-24 GD-159 0.952E-28
75 IZR-97 0.201F—-27 ZR-S7 0.387E-30 IR-97 0.206E-25 IR-97 0.140E-28
8C NA-24 0.119E-31 NA-24 0.228E-34 NA-24 0.810€E-29 NA-24 0.495E-32
81 PD-109 C.253E-34 PD-109 0.438E-37 PD-109 0.334E-32 PD-109 0.23BE-35
82 Cu-64 0.309E-37 CU-64 0.509E-40 TK-42 0.105E-34 K-42 0.532E-38
82 K-42 0.6566E—-38 K-42 0.1128-40 Cu-64 0.475€6-35 CU-64 0.241E-38
84 Y-93 0.370E-45 Y-93 C.T06E-48 Y-93 0.378E—43 Y-93 0.230E-46
85 SR-91 0.112E-47 SR-91 0.151E-5C SR-91 0.160E-45 SR-91 0.904E-49
8¢ TYE-127 0.182E-49 TE-127 0.349E-52 TE-127 0.279E-47 TE-127 0.189€-50
87 1-135 0.189E-66 1-135 0.508E-68 I-135 0.514E-65 1-135 0.366E-68
88 IN-115M C.0 IN-115M 0.0 IN-115M 0.0 IN-115M 0.0
8S  MN-56 0.0 MN-56 0.0 MN-56 0.0 MN-56 0.0
9C SR-92 0.0 SR-92 6.0 SR-92 0.0 SR-92 C.0
91 TC-99M 0.0 TC-99M C.0 TC-99M 0.0 TC-99M 0.0
92 NB-97 0.0 NB-97 0.0 NB-97 0.0 NB-97 0.0
92 ND-149 G.0 ND-149 0.0 ND-149 0.0 ND-149 0.0
94 TE-129 0.0 TE-129 0.0 TE-129 0.0 TE-129 0.0
_ 95 PB-204M 0.0 PB-204M 0.0 PB-204M 0.0 PB-204M 0.0
9&  Y-91M 0.0 Y-G1M 0.0 Y-91M 0.0 Y-91M 0.0
97 Y-92 0.0 Y-92 0.0 Y-92 0.0 Y-92 0.0
9¢& RH-103M 0.0 RH-103M 0.0 RH-103M 0.0 RH-103M 0.0
9 1-132 C.0 I-132 0.0 1-132 0.0 1-132 0.0
10C RU-1C5 Ged RU-105 G.C RU-10% 0.0 RU-105 0.0
101 1-134 6.0 I-134 C.0 1-134 C,0 I-134 0.0



192

APPENDIX XTI

COMPUTER PROGRAMS

All computer programs were written in FORTRAN 360 for an IBM 360

Model 75.

FORTRAN 360 is a language that has all of the features of

FORTRAN 63 and FORTRAN IV and is easily converted into either.

Program EXRAD — External Dose Calculations

The input data for EXRAD are arranged in groups. The following is

a list of the group numbers and the information contained on each card:a

Group 1:

Group 2:

Group 3:

Group L:

Card 1 contains the number of time periods (in weeks). Card 2,
the time periods.

Card 1 contains the list nunmber of the radionuclides with for-
bidden spectra. Card 2 has a one for each such radionuclide.
Card 3 contains E/E* for the radionuclides on card 1.

A deck of cards listing the radionuclides and a deck listing
the decay constants, followed by a card with coefficients for
the four submersion equations.

A deck of cards listing the nunmber of beta particles for each

radionuclide.

'aSee program for arrangement of data on cards, and Chapter 3.0

for more complete definition of terms and corresponding units.
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Group 5: FEach radionuclide has a subgroup. The first card of the sub-
group contains the effective absorbed energy of each beta-
particle disintegration. The second card contains the concen-
tration in microcuries (one entry for each particle). The
third card contains the fraction of time each particle is
emitted per disintegration.

Group 6: Same as Group L, except for gamma rays.

Group 7: Same as Group 5, except for gamma rays.

Group 8: Same as Group L, with one additional card that contains the
distance above ground surface for beta exposures.

Group 9: A list of the maximum beta-particle energies (one for each
particle).

Group 10: Same as Group 7, with one additional card which contains the
distance above ground surface for gamma exposures.

Group 1ll: A list of the linear energy absorption coefficients.

Group 12: This group has a subgroup for each distance in Group 1l.

These subgroups are the E. function evaluated at the dis-

1
tances given in Group 11.
It should be pointed out that EXRAD uses tape unit 32 for tempor-

ary storage.
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#HFTNsLoAsE.

PROGRAM EXRAD

COMMON/BL/NAME

COMMON/BL2/NT

COMMON/BL3/NT.DIS, 1L
COMMON/BL4/IKT
COMMONT.NAMEL,V,NP1
DIMENS ITONXX(2G0)

_11(20)

DIMENSIOND(L0+200) sF{LCs2G0)2C{200) ¢ XCILO) sTD{200410),

2,E0(10+20C) s SP(10) +KIP(10) +CCU10+2030) 4ALPHA(10,200)
_3,D1{10+2001,1P{10) +SIG(1G,200) , -
49 XOLD(230) o XNEW(20C) 4BIS{L10) 4EL{10,200)

5501 (10,20C)502(1C,200),SF1(10.2C0),45F2(1C,2001}

1VI(2C0)4NPLI200)+E(10,200),001C,200),LAM(200)

JIKI=G
READLWNTWNT

REALLAM.NU(10,2060)

DN=1.

DC20GCI1ZAP=1,N1

_DOUBLEPRECISIONTI«NAME(200)sNAMEL(200)

20G0

READGO9,(IP(I)eI=104)

909

XX(IZAP)=-1.
READ2 (TUI)ol=1yNT)
READGCG (KIP(I)sI=144)

READ24(SPUIJ)»1d=144)
FORMAT(§110)

.82

L0=3600.%24.%7.

560

FORMAT(1048)

READ8BZ , (INAMEI(T)oI=1,NI}

READ2, (LAM(I),I=14NI)
DO59GIJ=1,NI o
LAMTIJ)=LAM{TJ)*C

80

FORMAT(1615)
FORMAT(8BTI1C)
[110=0%1111=0%112=0C

FORMAT(BEL0.6)

READ2 4 (XC(I)esI=ly4)
DO2510U07=1,4

2170

IFUIGOT eEQelsORICO74EQ.3)1704171
READSC«INPL(K) 4K=1,N1)
DO3I=1,NI

NP=NP1(1) o
READ2, LE{N, 1) oN=14NP)
READZ2,{Q(NsT) 4 N=1,NP)

3

260

READ2+{F{NsI)sN=1,NP)

CONTINUE

IF(ICOT.FEQ.1)2604261
DO2501J=1+N1
NP=NPL1{1J)
DO250QIK=1,NP

SEL{IKTJI=F{IK,1J)

SDLUIK.Tu)=E(LIK,TJ)

GCTOZ262
C02511d=1.N1
NP=NP1(1J)
DO2511IK=1.NP

251.

262
A7

PO 5 _TI=1.N1

SF2(IKs1J)=F{IKs1J)
SD2(IK,1J)=t1iK,s1J)

CONTINUE

NP=NP1(T)
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o DOSN=1.NP
5 D{NWsI)=XCUIGOT)*O(N,T)*E(N,I)
DO6I=1,NI

Cli)=c.
CNP=NPLOL)
DGTN=1,NP
J CLI)=CUI)+EAN, I)¥DIN, 1)
6 CLIV=C(1)/24,
DOBI=1,NI
DC8J=1.NT
8 TOUILJ)=CIII*EXPE{-LAMIDI XTI
DOLGJ=14NT
oo DOYRI=TWNL L
11 VI =T0{I,J)
WRITE(32)(V({I1),11=1,NI)
- WRITE(32) {XX(IK)»IK=1,NI)
10 CONTINUE
DG181=14NI
N oo . DO1BI=1 W NT — S
18 TO(I+J)=—COI)/LAM{T)*(EXPF {-LAM{I}*T(J))~1.)*168.
DO19I=1,NI
XNEW(L)=CI)/LAMCT)
. 1*168. I e
19 CONTINUE
o DO30JA=1.NY : -
DO3111=1,NI
31 V(I1)=TD(il,J1)
WRITE(37){V(11),11=1,NI)
o WRITE(32)AXXAIKD IK=TLNEY
30 CONTINUE
. MRITE(32) (XNEWLI11),11=1.N1)

WRITEA(32)(XX{IK)sIK=1,NI)
25 CUNTINUE
CALL MATCHINT.NISCWs1,0)
o CALLMATCHU2ANTZNIZOoNT1) B
CALLMATCHU3ENT+1yNT 14 2%NT+2,0)
_ CAULMATCH{ANT+1,NL,143%NT+1,1) _ o
REWIND32
s [ EQUATIONS 1 AND 2 ARE LOUMPLETE
61 READBUZINPL{K)+K=14NI)
. READ103,{DIS{K)sK=1,3) .
103 FORMAT(8F10.5)
* e DO6OIDIS=1.3 R e
IF(1110.EQ.0Y189,195
165 1F{1111.EQ.0)2024203
202 1111=1
o DO255KJ= NN
NP=NP1(I4)
255 READ204, {SIGINsTJ)4yN=1,NP) ,
- DO912IK=14NI1
NP=NP1{IK}
DG912N=1+NP
912 SIGIN,IK)=SIGIN,IK)*10.%%(-10) I
204 FORMAT(8E10.5)
. DO205I0T=A.NE
NP=NPL{IOT)
READ204, (ELIN,IGT) 4N=14NP)
205 CONTINUE
. DD2531K=1.NPSF(IK,IJ)=SF2(iK, 1)
253 E(IK«1J1=SD2{1K,1J)
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... GoTo931r
203 DO206ICT=14NIT
NP=NP1(IDT)

READ204 (ELINSICT7) ¢N=14NP)
206 CONTINUE
931 CONTINUE
. _.DO208ICT=1,NI
ClILT)=0.
Ne=NPL1(ICT7)

DOZ0BN=14NP
208 CLIOT)=ClI0T)+B27.*DN*SIGIN, [07)%1.14 *
1EINSIG7)#FINyICT)*ELIN,IOT)

. GIT0209 o )
189 IF(I12.EQ.0)210.211
210 DU121J1=1,N]

NP=NP1(J1)
READLO24(EGIN.J1)oN=1,NP)
121 CONTINUE

. D02521J=1.N1

NP=NPL(IJ)

D02521K=1,NP

FUIKs1J)=SFL{IK,1J)

252 EUIKeTJI=SDI(IK,TI)
112=1
10?7 FORMAT(BEL0.5)
211 DO12CJLl=1.NI
NP=NP1(J1}HRATIO=],
DUL2GKL=14NP
DO104I0IS=1e4
IF{J1.FQ.KIP(I005) JAND.KL.EQ.IP(ICO5)1)105,104
.. 105 RATIO=SP( 1005}

GETO140
104 CONTINUE
14C 1F(EQO(KLsdlloelTe -0326)29G, 291
290 NU(KlsJ1)=C.

GCTC107
291 NU(K1sJ1)=18.6/(E0(KL,J1)=.036)%%1,37%(2-RATIO)

IF{EO(KLaJ1)eLlT.ua17)1C74108
107 CC(K1sJ1)=3.

ALPHA(KL.J11=.19

e G0OYQ1200
108 TF(EO(KLaJ1)aLTeo5)109,110
2109 CCIKLeJ1)=2.$ALPHAIKLJL)=,26

G0T0120

110 IF(EQ{Kladl)otTele5)1114112

111 CC{K1.J1)=1.5
__ALPHA(K1.,J1)=.297 _
G0TO120
112 CC(KLlsJ1)=1.
ALPHA(K1,J11=.333
120 CONTINUE

DC160J1=14NI

o NP=NPLI(JLY oo
DO160K1=1,NP

e IFINU(K1+J1).EQ.Q0)163,93
93 TF(NU(K1,JL)*DIS{IDIS).GE.CC(K1,J1)) 161,162
161 FACT=0.

GOT0163
162 FACT=1.+L0GF(CC(KLJ1)/INULKL,J1)*¥DISCIDISIN)

1-EXPF{1=NU(KLsJLIXDIS(IDIS)/CC(KLVJ1))
163 DIKLaJ1)=1.0T*NU(KL,JL)*E(KL, J1I*ALPHA(K L, JL1)*

IDONR(CCUKL JLYXFACT+EXPF{1.-NU(KL,J1)%DIS(IDIS)})
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CONTINUE

D050 I=1,NI
NP=NP1(1)

C(I1)=0.
DG50N=1.NP

50
209

CLIN)=CL{II+FIN, DI*D(N, 1)
DO52I=1,NI .

52

DO52J=14NT
TO{I,J)=ClI)*EXPF{-LAM(I}*T(J))

DG54J=1,NT
BO531=14NI1

53

VII)=TD(14J)
WRITE(32){V(I1)411=1,NI)

54

WRITE(32M{XX{IK)+1K=14NI)
CONTINUE

DO55I=1sNI
DO55J=1.NT

55

TULT+d)=—CLL)/LAMI I)¥ (EXPF(~-LAM{IIXT{J))I-14)

1*%168.

DO561=14NI
XNEW{I}=C{I)}/LAM(I)

56

1¥168.

CONTINUE

DO59J1=1.NT
D05811=1.N1

58

VII1)I=TD(T1l.41)
WRITE(32)(V(TI1),11=14NT)

59

WRITE(32)IXX{IK)sIK=1,NI)
CONT INUE

WRITE(32) (XNEW{TI1)+I1=1,NI)
WRITE(32) (XX{IK)»IK=1.NI}

60

CUNTINUE
I1i=1

333 CALL MATCHINT,NI,2,1,+0)

1F(I11C.EQ.0)332,333

CALLMATCH(Z2¥NT 4NT924NT41)
111=2

CALLMATCH(BXNT+L1aNT42,2%NT42,0)
CALLMATCH(4ENT+14NI,243%NT+1,41)

I11=3

CCALLMATCHISANT+#2,N1,2,4%NT+3,0)

o

100

332 1110=1

CALLMATCH{O®NT+24NI,2+5%NT+241)

GOTC61
END
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CSUBRCUTINEMATCHUTUP G NT G ITPRINTLILOLKC)
CUMMUN/BL/NAME
COMMUN/BL3/NTDIS,T11
COMMON/RL4/TKIT
CCOMMONT¢NAMEL s V4NP 1]
LOUBLE PRECISIUN TNAM, JNAM
_ODUBLE PRECISTON KNAM
UUUBLEPRECISTIONNAMEC203) o NAMEL{20D) 4 NL{20D),N?2(200)
DIMENSIONVI200) VL 200) ¢NPLIZ2001,T(20)
VDIMENSTONV2(200),DIS(10)
911 FURMAT(1CH DISTANCE=,£20.6)
477 FURMATOIH 42X e 3HND L 94X THNUCLIDE 2 TX 9 ATy6 X THNUCLINDE o 7X 4 AT 96Xy THRNUC
o ILIDE.TX,AT) . B B
6 FORMAT(? LISTING OF RADICNUCLIDES FOR SUHMERSICN DOSE RATES IN W
LATER CONTAINING INITIALLY 1 MICROCURIE PER GRAM')
12 FORMAT(? LISTING OF RADICNUCLIGES FOR SURBMERSINN BOSE RATES IN A
1IR CONTATNING INITIALLY 1 MICROCURIE PER GRAM®)
16 FURMAT(* LISTING 0OF RADICNUCLIDES FUR DOSE RATES ABDVE GROUND SU
e JBEACE CONTAMINIED INTTIALLY WITH 1 MICROCURIF PER SQ _CM'}

471 FURMAT(! LISTING DF RADIONUCLIDES FOR ACCUMULATFD SURBMERSICON DD
1St IN WATER CUNTAINING INITIALLY 1 MICKROCURIE PER GRAMTY)

472 FURMAT(! LISTING OF RADIONUCLIDES FOR ACCUMULATED SUBMERSION DO
ISFS IN AIR CONTAINING INITIALLY 1 MICROCURIE PER GRAM')

473 FORMAT(?® LISTING NF RADIONUCLIDFS FOR ACCUMULATED DOSES

__L1AROVF GRUUND _SURFACF CUNTAMINATED INITIALLY WITH 1 MICROCURIE PER

25Q0 CM')

658 FORMAT(1H1)
KCu7=9
DELI=1L0, TUP
REWIND3?

L CALL RECEUI=14KC)
READ{32)IV(IL1)4s11=14N1}

TFOIPRINT.EQ.2)25,26

25 CALLREOF{6%XNT+3)
GUTO?27

26 CALLREQF(4%NT+2)

27 CiHNTINUE
READ(32)(VI(I1),11=14N1)
DO2J=1.NI1

2 V2{Ji=viJi+vity)

DO3J=1NI

3 NAME(J)Y=NAMEL(J)

_CALLCRDER(V2,NID_

DUSUIT=1sNI

NI(IT)Y=NAME(IT)

50 NAME(IT)I=NAMEL(IT)
CALLCRDER({VLISNI)
DO511T=1.N1

N2 (IT)=NAME(LT)
51 NAME(IT)=NAMEL(IT)
CALLOCRDER{V.NI)
PRINT 3468
IKI=TKI+1
- 60 FORMAT(1IH 460X4HPAGELILT)
INAM=8HTIME
JNAM=RH
IF(IPRINT.EQ.Q)4.+5
4 TF(KCLEC.Q)GO TO 474
PRINT 471
KNAM=8HREMS
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GOT0 T
PRINT 6
KNAM=BHREMS/HR

GOT0 7 _
IF(IPRINT.EQ.1)9,10
IF(KC.EG.0)GOTO 475
PRINT 472
KNAM=8HREMS

6OTO 7

475

10

PRINTL?2
KNAM=GHREMS /HR

GUTO 7

JNAM=BHTAU O
IF(KC.EQ.0)GOTO 476
PRINT 473

4176

KNAM=BHREMS
PRINT911,01S(1I11)
GOTO 7

PRINT 16
KNAM=8HREMS/HR
PRINTOL1.DIS(IIL)

18
20

19

CUONTINUE

IF(ILO.EQ.1) 18,19

PRINT 20y INAMaT{I)sy JNAM
FORMAT(1H +A8,F15.C4A8)
G0TO0?21

KUGT=K307+1

60
63
625

IF(KGCOT.GT«NT)I604611

PRINT 20, INAML,T{KCCT7)s JINAM
GUTO625

PRINT63

FORMAT{16H TIME = INFINITY)
CONTINUE

21
.57

478
225

CONTINUE

CONTINUE

PRINT 478

PRINT 477, KNAM,KNAM,KNAM

FORMAT(18Xo9HBETA DUSE, 18X, 10HGAMMA DOSE, 18X, 10HTOTAL DOSE)
FORMAT(1H ,9HDOSE RATE)

230

61

FORMAT({1H ,1GHTOTAL DOSE)
KI=1

DO54IK=1.NI
IF(KI.GT.50)01,62

KI=1

PRINTSS8

62
64

52

IKI=IKI+1

GCT064

KI=KI+l1

CONTINUE

PRINT 52, IKNAME(CIK) oVIIK)oN2{IK)4VLIIIK)} ¢NLCIK)»V20IK)
FORMAT(IH +15+43Xs3{AB843XsE12.545X))

54

CONTINUE
CONTINUE
END
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SUBRCUTINECQRUERIV,N)

3

COMMON/RBL /NAME
DOUBLEPRECISIONNAME{200) .11
DIMENSTUNV(L)

1uP=N

IC=C

1UP=1UP~-1

DO1I=1.1UP

JFIVIT) LT VII+1)) 201

T=v{l)

I1=NAME(T)

VII =VII+1)SNAME(I)=NAME(TI+1)
VI+))=T

NAME(I+1)=11
IC=1
CONTINUE

CIF({IC.EQ.1)344

END

SURBROUTINEREOF(T)

o

COMMON/BL2/NI

DIMENSIONA(2C0)

IF(1.LT.1)2.3

pold=1.1
READ{32)(A{I1),11=1,NI)
IF(A(L)oLTo0e) 144

—

CONTINUE
END
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Program INRAD — Internal Dose Calculations

The input data for INRAD are arranged in groups. The following

is a list of the group nunmbers and the information contained on each

card:b

Group 1l:

Group 2:

Group 3:

Group U:

Group 5:

Group 6:

Group T:

Group 8:

Card 1 contains the number of organs, radionuclides, post-
detonation intake times, age groups, output age groups, and
output times.

The names of radionuclides and their half-lives.

Weight of organs for each age, from age 0.5 through the

number of age groups.

Card 1 contains the outputlvalues for age groups. Card 2
contains the output values for post-detonation intake times.
Card 3 contains the output values for time.

Intake of water and air for each age.

This group has a subgroup for each organ. Card 1 contains the
name of the organ, the following cards contain the effective
absorbed energy, fraction of the intake that arrives in the
organ from water and air, and effective half-time of each
radionuclide.

The maximum permissible concentration for each radionuclide in
the soluble form for the G.I. tract.

The maximum permissible concentration for each radionuclide in

the insoluble form for the G.I. tract.

bSee program for arrangement of data on cards, and Chapter 4.0 for

more complete definition of terms and corresponding units.
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Group 9: The effective absorbed energy and the fraction of the radio-

nuclide that arrives in the lungs.

HEETN, Ly Ay Gyl
PRIIGR A [NRAD
DTMENSION SI1A(112,4R%, SIH(112,4R8), N9{112)

CCUMMON NAYE , NNUG o ,
NRRLE PRECTSTUN NAME(192Y, NAMFL(192), NAME2(162), CRGNAM(S)
CDIMENSION TL(192)

INTEGER T1#0UT
DIMENS 1PN SGAMK (128}, SGAMA(128), TOROSEA(112), V1(112),
1T V2(112), TONSEw(112)y WSMA(32,125), GAMIUT(16), TAUOUT(1571,
2 TIMOUT(le), FPSI112), FW(112), FA(112), TE(112), MPCWS(112),
3 MPCAS(112), TRU112}, EPSI(112), FW1(112), FAL(112), TE1(112},
4 TSTOFAC212), TSTORW(112)
REAL MPLWs, MPCAS
READ(50,100) NOEG, NNJC, NTIM, NTAU, NGAMA, NOTIM, NOTAU, NOGAM
19C FURMAT(1615)
2590 FOR¥AT('1',//,* LISTING OF RADIONUGLIDES FOR INDIVIPUAL ORGANS (DO

ISE/ZUNTIT INTAKED) ')

D0 12 I=1,NNUC
READIBC,101) NAME(T), TR(I)
10 JR(IDN=.693/TR(1)
131 FUORMAT(AR,ELZ2.0)
DO 20 1=1,N3RG o
20 REATIHT,102Y («'SMA(T140)+,J=1,NGAMA)
102 FURMAT(2X,13F5.C) L
REA{BS,103Y (GAMOUTII),I=1,NOGAYM)
READISS,123) (TAUTUT{T),T1=1,NOTAY)}
KEADLIR2, 17C) (TIMOUTIT ) 2 I=1,NQTIM)
103 FORMAT{HEIC.N) e
T IR T T ONT LYY
M=
0 37 [=1,NGAMA

30 REAN(S5T7,104) SGAMW(T Y, SGAMA(T)

154 FURMATILIOX G F10 0 ,F10.0)
K=NGAYMA+]

L=dTIv+K
DO 35 J=1,NORG
ne 35 I=K,L

35 WSMA(J,T)=WSMALJNGAMA)

READ(L 4 1726) (GRGRNAR(T),1=1,2)

D 4 I=1,NNuC o . B

REAOLS ;5 10H) TPSI(T)Y,y FWl(I),y FAT(I), TEL(I)

LGS ELEMATI2N, 4ER.7)
EPS{1Y=CPS1(T)
Full)=Fylll)
FA(T)=FALLI)

Lo IRt =veneny

4C TLIT)=.603/TE(])

126 FORMATLICX, 248)

I0R=1
G TO AC
772 IUR=102+1]
M=0
IF(IORWFG4) TOR=S
_TC READL{S , 120) (URGNAM(T),T1=1,2) e
DOBC T=1,ANUC
RFAD(GY,127) EPS(1), FaA(l), FALT) TE{I), NEX
137 FOPMAT(2X 44084 7,34X,12)
IF{NFX,EQLG) B35, 6
TS5 EPS(T)=PSI()
FulI)=F41(1)
FA(I)=FAL(T])
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APPENDIX XTI, continued

TE(II=TELI(I)

M=M+]1
N9(M) =1

50 TL{I1)=.493/TE(1}
6C CUNTINUE '

RATA=SGAMAT 21}/ WSMALIOR,21)
RATW=SGAMW{21)/WSMA({IOR,21)

SMM=WSMATIOR,21)
DO RDG TGAM=1,NDGAM

TRUN=GAROUT{ TGAMI +4 6
DO 800 I1TAU=1,NOTAU

=1
TAU=TAUOUT(ITAUY)

DO 400 I=1,NNUC
TDOSEA(1)=0.0

TSTORA(TI}=C.D
0

Y=C.

TDOSEW{T1=0.

400 TSTORW(I)I=0.0
DO 800 I1T=1,JTIM

HA=SGAMA(IRUN) /WSMA(TOR,TRUN+IT-1)/RATA
HW=SGAMW CIRUN) /WSMA(TOR, TRUN+IT-1) /RATW

T=1T*365.0
N3 810 T=1,NNUC

CO=EXPI-TRIT}*TAUI*51 . 0%¥EPSTIVXTE(I)/ (SMM*,693 )%
1 (1O-FXP{=TL{I)*T))

DA=CO*FA(T)})
Da=COxFW (1)

TDOSEA(T)=TDOSEA(T) + HAX{DA-TSTORA(T))
TSTORA(TI}=DA

TONSEW(I)=TOOSEW(T) + HW*{DW—TSTORW{I))
810 TSTORW(I)=DW

IF(TIMOUTIIMILEQ.IT) 820, 80D
820 CONTINUE :

LM=TGAM + NUGAMX{ITAU-1 + NOTAU*(I0-1))
IN=10+1

IF(IORNELL) GU TO 927
DO 132 18BM=1,NNUC

STA(IBM,L%)=TDISEA(IRM)
SIW(IRM,LM)=TDOSEW(IBM)

132 CONTINUFE
927 CONTINUF

IF{(M,EQ.CY GO T0 11
DD 437 IXX=1,M

IP=N9{IXX)
TDOSEA(IP)I=SIACIP,LM)

TOOSEN(IP)I=SIW(IP,LM)
430 CONTINUE

11 CONTINUE
) CALL ORDER(TDOSEA,ZNAMEL,V1)

CALL ORDER{TUOSEW,NAME2,V2)
DO 5003 J=1,NNUC,51

WRITE(51,2509)
K=MINC{J+50,NNUC)

WRITE(51,150) GAMOUT{IGAM), TAU, T, ORGNAM(I), ORGNAM{Z2),
1 (ToyNAMET(T),VI(I)4NAME2(T)4V2{T),1=dyK)

5000 CONTINUE
150 FURMAT(Y GAMMA =',F5.1,5Xs "TAU =", FB8.045X4!T =',FB8.0,5X,"0RGAN =?,

1 2A8, /[, T30,'SOLURLEY,/,T11, ' INHALATIONY ,T45, "INGESTION®,/7,°* NO.?
2 T7,"NUCLIDE',T18,*REM/MICRDCT ', T40, *NUCLIDE?,T51,*REM/MICROCI Y,

3 /9 (T442X,88,F15.7,10X4A8,E15.7))
800 CCONTINUE

IFLIORLLELNCRG-1) GO TO 72
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WI=15470,
Al=1,4%10%%3
ne 749 T=1,NNUC

740 READ(SI,741) M2CWS{T)Y, MPCAS(I)

741 FORMAT(34X,2ER.7)

IPn=1
50 T0 742
745 0N 744 1=1,NNUC
744 READI51,743) MPCwS(I), MPCASII)

IPD=2
743 FORMATISOX,268.0)
742 DL 1270 [GAM=]1,NCGAM
IRUN=GAMDUT(1GAM)Y + .6 o
HA=SGAMALCIRUN) /WS A {4, TRUN) *WSMA(4,21)/SGAMA(21)
Hiv=S3AW { TAUN) /WSMA L4, TRUN)*¥WSMA(4,21)./SGAMKI(21)

1390 TRRSEa (T I=HWREXP{=TR (T )*TAUY %, 3/ (W I#MPCWS( T

DO 1207 1TAU=1,NGTAU
TAUSTAUOUT(ITAUY R
NE 1377 I1=1,NNUC n
TOOSFALL) =HAREXP (=TR (1 )%TAUY %, 3/ (AIXMPCAS(]

CALL DNRDER(THDOSEACNAMEL LV

CALL OPDERP{TDOSEFWNAME2,V2) -
IV d=1y NNUC, 51

K=M N (J+50,NNUC )
o MWRITE(S1,2550)
WOITE(SLy1 GAMGUT (TG

1 I=4,K)

6400 CONTINUE

176 FORMAT(? GAMMA =',F5,1,5X,"TAU =*,F8.0,5X,*0RGAN = G.l. TRACT',/,

1 729, VINSOLUALF 4/ T11VINHALATION® yT45, % INGESTIONT,/,¢ N, ¥, o
2 T7,*NUCLIDFE® 18, "REM/MICROCT* 4 T40, *NUCLIDEY,T51, 'REM/MICROCT Y,

3 /T4y 22X A2, E15.7,10X08R,F15.7))
1230 CONTINUE

GO TO(745,757),1PD

750 CONTINUE

HALF=12C .7

NI 360 T=1,NNUC

READ(5%,202) EPSII),FALT)},I30
202 FORMAT(2%sE8.0,8X4E8.N,T14)

IF{T3..NE.C)HALF=365,C
_TEMP=.693/TR(1)
TELTI=HALUFETFMP/ (HALF+TEMP)
o HALF=128.0
360 TLUI)=.A93/TE(T)
RATA=SGAMA(?2]1)/WSMA(6,21) x

SHM=HSUA(6421)
_ DO 1873 1GAM=1,NOGAM

[RUN=GAMOUT( IGAM) + .6

006 1800 ITA=1,NOTAY _ -
TAUSTAUGUT (T TAUY
I0=1
DO 140D I1=1,NNUC

L TDUSEA(I)=0,0

1400 TSTORA(TI)=0.0

DO 1809 IT=1,JTIM
HA=SGAMA {IRUNYV/RATA/WSMA (6, IRUN+IT—1) T

T=1T%3~5,0

DG 17C3 I=1,NNUC
DA=EXP{~TRIII*TAU)*51,0%EPS{I)*TE(II*FA{I)/(SMM*,693)%*

I {1eG-EXPI-TL{I}*T)})
TONSEA(I)=TDCSEA(TI) + HA*{DA-TSTORA(I))}

1700 TSTORA(I)=DA
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IF(TIMOUT(IO)}.EQ.IT) 830, 1600

830 10=10+1
CALL ORDER{TODUSEA,NAME1l,V1)

DO 8000 J=1,nNNUC, 51
WRITE(51,2500)

K=MINC(J+50,NNUC)
WRITE{(51,234) GAMOUT(IGAM), TAU, T, (I,NAMEI(I)sV1(I),I=J,K)

8000 CONTINUE
234 FORMAT(' GAMMA =',F5.1,45X,'TAU =*,FB.0,5X,'T =1,F8.0,+5X,

1 *ORGAN = LUNG's/ 711, INSOLUBLE®y/,T11,*INHALATION® /4! NO.',

2 T7,*NUCLIDE®,T18,'REM/MICROCI*,/,{14,42X,A8,E15.7))

1600 CONTINUE
1800 CONTINUE

END




206

APPENDIX XTI, continued

SUBROUTINE ORDER({ARR,NA,VA)

CUMMIN NAME, NNIUC

CDIMFNSTUN ARR(E112), VA(112)

DIURLF PRECISTICON NAME(192), NA(192), I1
ne 19 I=1,NNUC
NA(TY=NAME(T)

1C VALI)=ARR(])

TUP=NNUC
3 1C=n
Ivp=1yP-1
DG 1 I=1,1UP o
TF(VALT).GF.VALI+1)) GO TO 1
2 T=VA{Il)

T1=NA(I)

VAT =VA(T+])
NA(T I=NA(T+1)

O VALT#1Y=T
NA{T+1)=11
IC=1

o BN

1 CUNTINUE
IF(IC.F0.1) GO TO 2

4 RETURN




"w

207

APPENDIX XTI, continued

Program SAN — normalizes and lists, in descending order, the
radiosensitivity-adjusted internal doses used to prepare the composite

radionuclide dose commitment lists found in Appendix X.

EEETN, L 4G
PRIGRAM SAN
NOUBLE PRECISION NAMEL(112), NAMEZ2(112), NAME3(112), NAME4(112)
 DIMENSION V1(112), v2{112)}, V3{112), V4(112), HEAD(160)
6000 10 N=1,4
J=30%(N=1)+]
K=J+3C
10 READ(50,109) (HEAD(I),1=J,K)
10C FORMAT(20A4)
NIO=101
172 FORMAT(3GA4)
% GRDER UF INPUT

C*

TC T 1WSOLUBLE - INGESTION T T
C  2.SOLUBLE —= INHALATICGN
C
C

3.INSOLUBLE — INGESTION
4. INSCLUBLE — INHALATION
DO 25 [=1,NI0y3
K=1+2
20 READ(53, 103 (NAMEL(J),VLI(JdT,J=1,K)
DO 30 1=1,n10,3
K=i+2
30 READ(50,103) (NAME2(J),V21J),d=1,K)
DO 40 T=1yn10,3
K=1+2
40 READ(50,103) (NAME3(JV,V3(J) 4J=1,4K)
DiY 50 1=1,N10,3
K=1+2
50 READ{50,103) (NAME4LJ),V4(d),J=1,K)
103 FORMAT(AB,EL12.CyAB,EL2.0sAByEL240)
CALL ORDER(NAMEL, V1)
CALL ORDER(NAMEZ,V.2)
CALL URDER{NAME3,V3)
CALL GRDER(NAME4,V4)
104 FORMAT(14,2X,AB,E1343,7X,A8yE13.3,7X4A8,E13.3,TX,A8,F13.3)
Of 80 J=1,N10,51
__K=MINC(J+50,MID)
WRITE(51,1G1)
WRITE(S51,1C2) (HFAD(T),1=1,120)
T WRITE(51,1C4) (T NAMEL(1) VI(I}NAME2(T),V2( 1) NAME3Z{L),V3(I],
L NAMEALT),V4(1)y1=dyK)
80 CONTINUE
101 FORMAT(*1',75,'COMPGSITE LISTINGS OF RADIONUCLIDES BASED (N DOSES
1T THE CKITICAL GRGANS FROM 1 MICROCURIE INTAKEST)
GU_TO 6D
END
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SUBROUTINE ORDERINAME,V)

DOUBLE PRECISIUN NAME (11231, Il
NIMENSION V(112)

NID=101
IC=0

NID=NIO-1
DO 1 I=1,NID

IF(V(I}.GELV(I+1)) GO TO 1
T=v(I)

I1=NAME(T)
VII)=V(I+1)

NAME( 1)=NAME([+1}
VIT+1})=T

NAME(I+1)=11
ic=1

CONTINUE
IF(IC.EQ.1) GO 7O 3

T=V(1)
Do 10 I=1,101

10

VIL)=VII)/T
RETURN

END
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